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Tuff-cones,  of  which  a  number  have  been  formed  on  the 
ti  coasts  of  the  island  of  Oahu,  are  produced  by  the  class 

eruptions  distinguished  as  "  explosive."     The  semi-liquid 
luff  has  been  projected  in  a  jet  or  fountain  to  a  considerable 
distance  and  having  been  driven  laterally  by  the  expansion  of 
I  the   steam  and  other  gases  contained,  has  fallen  at  s 
.  tance  froni  the  ^■ent,  building  up  a  cone  with  a  more  or  le;^." 
f  tegular   rim   enclosing   a   concave  bowl.     All   the   explosive 
eruptions  actually   obser\'ed  seem  to  have  occupies 
brief  time.    The  greatest  one,  that  of  Krakatoa,  was  probably 
less  than  one  hour  in  actual  emission,  although  the  fall  of  its 
lighter  ejecta  continued  for  several  hours. 

It  therefore  seems  remarkable  that  an  opposite  opinion 
should  have  been  expressed  respecting  the  eruption  which 
produced  Diamond  Head.  This  typical  tuff-cone,  lying  in 
the  suburbs  of  Honolulu,  bounds  our  ocean  view  to  the  east- 
ward. It  was  recently  examined  by  Doctor  W.  H.  Dall  of  the 
Smithsonian  Institution  with  especial  regard  to  the  age  of 
the  fossil  shells  found  in  its  debris.  In  the  "Bulletin  of  the 
Geological  Society  of  America,"  Volume  ii,  pp.  57-60,  Dr. 
Dall  expressed  conclusions  respecting  the  age  of  the  crater, 
which  I  feel  obliged  to  controvert.    He  says : 

"The  conclusion  to  which  I  came  was  that  the  whole  mass 
of  Diamond  Head  had  been  slowly  deposited  in  comparative- 
ly shallow  water  and  gradually  elevated  without  being  sub- 
jected to  notable  flexure    The  ejection  of  material  at  first 
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must  have  been  intermittent  with  long  quiescent  periods  to 
enable  the  shore  to  have  become  repopulated  with  mollusks 
and  corals."  A  good  picture  of  Diamond  Head  appears  op- 
posite page  40  preceding. 

It  is  necessary  here  to  remark  upon  two  serious  errors  of 
observation  committed  by  Dr.  Dall.  It  is  true  that  Diamond 
Head  was  deposited  in  shallow  water,  its  center  being  about 
one  mile  outside  of  the  previously  existing  shore  line.  I  un- 
dertake, however,  to  question  the  idea  that  it  has  since  been 
"gradually  elevated."  Such  elevation  if  it  occurred  must 
have  been  some  200  feet  to  have  exposed  what  he  calls  a  ma- 
rine formation  on  its  seaward  base.  Dr.  Dall  should  have  ob- 
ser\-ed  the  total  absence  of  marine  erosion  around  the  sides  of 
the  cone,  upon  the  soft  material  of  which  the  action  of  the 
waves  would  have  been  extremelv  destructive  There  is  also 
no  trace  of  such  erosion  around  the  evidentiv  older  tuff-cone  of 
Punchbowl,  four  miles  away,  nor  any  elevated  beach  marks 
along  the  neighboring  mountains. 

Dr.  Dall's  second  error  of  observation  was  in  attributing  a 
marine  origin  to  the  mass  of  material  lying  against  the  sea- 
ward base  of  the  crater.  That  mass  is  composed  of  mingled 
small  angular  fragments  of  tuff  fallen  from  the  hights  above, 
with  large  quantities  of  calcareous  beach  sand.  Pervading  the 
mass  arc  numberless  laminated  calcareous  concretions,  which 
Dr.  Dall  has  mistaken  for  coral  reef.  These  fragile  laminated 
crusts  arc  identical  with  those  forming  the  interior  structure  of 
our  numerous  calcareous  sand  dunes.  The  lavers  constantlv 
vary  in  angles  of  dip,  corresponding  to  the  formerly  varying; 
surfaces  of  the  dunes.  Had  the  tuff  enclosed  ever  been  ex- 
posed to  the  action  of  the  waves,  so  far  from  retaining  its 
angular  forms,  it  would  immediately  have  been  ground  into 
soft  mud. 

The  whole  mass  is  of  Aeolian  formation.  It  is  simply  a 
great  sand-dune.  The  contents  have  been  assorted  by  the 
wind,  the  eastern  end  being  composed  mainly  of  larger  frag- 
ments of  tuff,  and  the  western  end,  one-third  mile  away,  main- 
ly of  sand  much  triturated,  and  stained  by  the  brown  tuff. 
The  mr>lhjsks  of  Tertiary  age  enclosed  in  the  mass,  as  found 
l)y  Dr.  Dall,  may  be  fully  accounted  for  as  having  fallen  from 
the  hights  with  the  tuff.     They  were  torn  off  from  the  ancient 
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submerged  reefs  and  beaches  traversed  by  the  shaft  of  the 
eruption.  I  have  found  large  shells  embedded  in  the  laminat- 
ed tuff  at  Koko  Head,  as  well  as  corals.  Farther  evidence  is 
found  in  the  fact  that  fragile  land  mollusks  are  enclosed  be- 
tween the  crusts  in  great  numbers  side  by  side  with  the  marine 
shells.     Both  fell  together  from  the  cliffs  above. 

My  main  contention,  however,  is  to  prove  the  absolute  im- 
possibility that  a  crater  like  Diamond  Head  should  be  a 
product  of  "intermittent  ejection"  with  "quiescept  periods," 
even  brief  ones,  or  that  it  could  have  been  "slowly  deposited." 
I  propose  to  prove  that  a  cone  of  such  peculiar  fonn  and 
structure  could  have  been  created  only  by  an  extremely  rapid 
projection  aloft  of  its  material,  completed  in  a  few  hours  at 
most,  and  ceasing  suddenly  and  finally. 

My  first  proof  of  this  conclusion  is  derived  from  the  ex- 
treme regularity  of  the  elevated  circular  rim  of  this  cone,  such 
as  could  be  the  result  only  of  a  single,  rapid,  uniform,  uninter- 
mitted  outthrow  of  the  tuff.  Two-thirds  of  tlic  elevated  peri- 
meter is  part  of  an  almost  perfect  circle  of  about  5,000  feet 
in  diameter,  and  of  a  comparatively  uniform  hight,  about  450 
feet  above  sea-level.  The  tuff  is  piled  up  in  this  regular  ridge, 
originally  rounded  on  its  top,  in  very  uniform  quaquaversal 
layers  or  lamniae,  whose  steepest  dip  on  the  outside  is  about 
35'*,  and  much  less  on  the  inside  of  the  broad  bowl.  The 
i^freat  suhacrial  erosion  discloses  tlic  interinr  structure  of  the 
rim.  althouirli  it  has  not  oblitei'ated  liie  reallv  delicate  ^\ni- 
nietrv  of  the  orij^niial  form.      (See  I'late  S,  \'o].  11.]).  4O. ) 

The  southwest  third  of  the  perimeter  of  tlic  crater  is  mas- 
sive, attaiuiui^  a  present  hii^ht  of  7^)J  feet.  It  is  severely 
wasted  by  the  impact  of  storms,  aud  was  ouce  prol)al)ly  i,(>()(.) 
iiX'i  hicih.  'Hie  oriirinal  rounded  summit  uiust  have  hecu 
c«»nsidera])ly  to  seaward  of  the  present  sharj)  piak.  '!'he  oriij^- 
inal  form  may  he  best  understood  l)y  co:nj)arisoii  witii  tlio^c 
«:»f  Koko  J  lead  and  of  Leluia  island,  which  are  of  somewhat 
similar  form  and  dimensions,  hut  remain  suhstantially  unal- 
tered in  their  rounded  summits.  The  imm(.'n<e  enlar.L;('mcnt 
of  the  southwest  portions  of  these  craters,  as  well  as  of  many 
•  •tilers  is  doubtless  correctly  attributed  hy  \^^  L.  (  ireen  to  the 
action  of  the  strong  trade  winds  dellectincr  to  leeward  the  loft\ 
jet  of  tuff,  and  pilin.1^  it  up  dis{)ro])ortionately  (»n  that  side. 
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With  due  allowance  for  the  single  disturbing  influence  of 
the  wind  upon  the  summit  of  the  mighty  fountain,  it  is  evident 
that  the  very  perfect  S3mimetry  of  the  main  portion  of  the 
rim  could  have  been  produced  only  by  an  extremely  regular 
fall  of  the  spreading  fountain  of  ejecta  at  a  uniform  and  un- 
varying distance  from  the  vent.  Any  interruption  or  inter- 
mission would  have  so  disturbed  that  precise  uniformity  of 
projection  as  to  have  piled  the  falling  tuff  in  irregular  posi- 
tions. Thefbeautiful  symmetr>'  of  the  crater  is  a  powerful 
witness  of  its  sudden  and  rapid  formation.  It  forbids  any 
other  conception. 

^ly  second  evidence  of  the  brevity  of  the  eruption  which 
created  the  crater-cone  is  derived  from  an  arithmetical  compu- 
tation of  the  time  required  to  deposit  the  actual  mass  of  the 
cone  by  a  fountain  of  adequate  hight  to  deliver  its  ejecta  upon 
the  existing  rim  of  the  bowl.  Data  are  easily  secured  for  a 
sufficiently  approximate  estimate  of  the  time  to  show  that  it 
could  have  occupied  a  very  few  hours  at  most.  Let  us  first 
compute  the  solid  contents  of  the  tuff  deposited.  The  average 
diameter  of  the  bowl  is  about  5,000  feet.  Two-thirds  of  the 
perimeter  is  450  feet  high,  to  which  50  feet  may  be  added  on 
account  of  the  average  depth  of  sea  at  the  distance  from  the 
shore  where  the  eruption  occurred.  The  other  third  of  the 
perimeter  was  occupied  by  a  conical  mass  probably  1,000  feet 
high,  but  standing  in  perhaps  250  feet  depth  of  sea.  Estimat- 
ing this  cone  as  1,250  feet  high,  with  5,000  feet  diameter  of 
base,  its  solid  content  would  be  about  8,000,000,000  cubic  feet. 
The  contents  of  the  other  two-thirds  of  the  perimeter  would 
be  about  5,000,000,000  feet,  making  with  the  cone  a  mass  of 
13,000,000,000  cubic  feet  of  tuff  in  the  entire  crater. 

A  similar  result  is  obtained  by  assuming  a  base  equivalent 
to  5,000  feet  square,  and  an  average  hight  of  500  feet,  which 
gives  a  solid  content  of  twelve  and  a  half  billions  of  cubic  feet. 
It  is  evident  that  such  an  estimate  is  sufficiently  large. 

Now,  to  have  ejected  the  whole  mass  in  five  hours  would 
have  required  an  emission  from  the  vent  of  two  and  a  half  bil- 
lions of  cubic  feet  of  tuff  in  an  hour,  or  of  694,444,  feet  in 
one  second.  Supposing  the  vent  to  have  a  sectional  area  of 
2,000  feet,  which  I  believe  to  be  much  too  small,  the  velocity  of 
emission  would  be  only  347  feet  in  a  second,  which  is  equiva- 


lent  to  a  theoretical  hight  oi  only  1,900  feet  01  projection  pl 
It  is  evident  that  this  is  totally  inadequate.  Assume  then 
two  hoars*  duration  of  the  eruption.  This  gives  us  875  1 1 
velocit)-  of  emission,  equivalent  to  a  hight  of  projecaon 
11.925  feet.  Sitch  an  altitude  ot  the  fountain  might  be  a(k^~ 
quale  to  the  actual  distribution  of  the  ejccta  to  an  average  dis- 
tance of  2,500  I'eet  froRi  the  vent.  But  it  must  be  noted  that 
the  liight  attained  with  the  assimied  velocity  could  hardly  be 
more  than  two-thirds  oi  the  tlieorctical  one,  on  account  of  the 
resistance  from  the  falling  tuff  encountered  by  the  ascending 
jet.  It  is  also  evident  that  tlie  fountain  must  have  been  a 
verj-  lofty  one  for  the  tuff  to  have  been  driven  half  a  mile  to  the 
leeward  by  even  a  heavy  gale,  as  so  much  01  it  w-as  done  in 
building  up  the  massive  cone. 

The  real  area  of  the  vent  can  be  less  accurately  estimated. 
The  partially  exposed  vent  of  the  neighboring  crater  of  Punch 
Bowl  is  apparently  fully  a  hundred  feet  in  diameter.  The 
only  completely  open  vent  of  the  kind  which  I  have  seen  is  that 
of  Kalaupapa  at  the  leper  settlement  on  Molokai.  This  is  » 
rocky  well  with  vertical  sides  reaching  down  to  salt  water, 
which  is  800  feet  deep.  The  diameter  of  this  well  or  shaft 
was,  as  I  remember  it.  from  100  to  150  feet.  Guided  by  these 
ilala  I  should  consider  5.000  sijnare  feet  as  n.  very  conscr\'ative 
estimate  for  the  sectional  area  of  the  shaft  from  which  issued 
the  tuff  of  Diamond  Head,  instead  of  the  2,000  feet  assumed 
above  Such  increased  area  would  reduce  the  two  hours'  dura- 
tion assimied,  to  48  minutes.  It  would  be  much  less  if  we 
allow  a  greater  velocity  of  ejection,  so  as  lo  gel  a  hight  qf  the 
fountain  adaquate  to  allow  of  its  extensive  deflection  by  wind. 
I  incline  to  the  belief  that  the  eruption  did  not  last  more  than 
half  an  hour.  It  is  absolutely  impossible  that  it  could  have 
continued  many  hours. 

These  explosive  eruptions  are  of  gigantic  force  and  brief 
duration, 

Honolulu,  November  14//1,  1900. 
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POSSIBLE  NEW  COAL-PLANTS  ETC.,  IN  COAL. 

PART  III. 

By  W.  S.  Grbslry.  Eric.  Pa. 

Plates  II-VIII. 

Reference  to  and  Remarks  on  ilie  Figures  in  Plate  II. 

Fig.  I.  Portion  of  a  cluster  or  patch  of  seed-lik?  bodies,  partly  in 
plan  and  partly  in  section,  embedded  in  a  fracjiuei;:  of  or- 
dinary commercial  anthracite  (Carboniferous)  from  Pcnr- 
sylvania.  The  name  or  number  of  the  vein  or  seam,  as  well 
as  location,  is  not  known. 

Fig.  2.  Horizontal  section  of  one  of  the  objects — pods  or  seeds 
(?  megaspores)  in  fig.  i.  In  reality  the  spotted  aspect  of 
the  contents  of  these  black-bordered  bodies  should  be 
spoken  of  as  clear,  black,  compact  anthracite  as  a  matrix 
to  hundreds  if  not  thousands  of  minute  gray  specks. 

Fig.  3.  Magnified  appearance  of  the  ?  microspores — seed  contents — 
of  these  little  ?  pods. 

Remarks  on  the  foregoing.  Whatever  these  fructifica- 
tions represent  they  appear  to  be  oblong  in  form  rather  than 
circular.  Along  the  lower  right  and  along  the  bottom  of  the 
specimen  the  pods  are  seen  in  oblique  section,  on  account  of 
the  breaking  (ji  the  coal.  Since  the  blank  area  **a"  shows  a 
different  horizon  in  the  coal  from  that  in  which  the  fossil  re- 
poses, it  is  quite  reasonable  to  suppose  that  the  seeds  He  be- 
neath it,  and  not  less  closely  packed  than  seen  higher  up  in 
the  fig.  near  **b."  Is  there  not  in  the  pose  of  these  bodies  a 
suggestions  of  symmetry  in  form  or  arrangement,  as  opposed 
to  a,  disposition  resulting  from  scattering  or  accidental  ac- 
cumulation. While  the  various  pods  are  not  seen  to  possess 
connection  by  stalks,  there  is  nevertheless  among  them  indica- 
tion of  such  in  the  shape  of  coaly  filamentosc  appendages  or 
inter-twinings  suggesting  that  the  fossil  represents  seeds 
syncar])()us  in  form  rather  than  individually  scattered  or  ac- 
cidentally buried  here  in  a  mass  together.  In  this  fossil  I 
see  nothing  to  suggest  a  cone-derivation  for  these  spores. 
May  they  not  have  belonged  to  a  water  plant? 

Other,  but  smaller  and  less  preserved  specimens  of  very 
similar  seeds  have  been  met  with  in  the  same  coal ;  the  exact 

*For  earlier   papers   of   this   series   see   Amekica.s   iVEOi.or.iST,  Feb.  1899, 
(;ct.  l><'.)i>,  and  July.  19on. 


STRUCTURES    IN    COAL. 


(^ 


STRUCTURES    IN    COAL. 


Fixfsibic  Xczc  Coai-Plaitis  Etc.,  in  CoaL — Cresley.         7 

character  of  the  enclosing  material,  being    rather    dull    and 

grzy,  or  *'hony."  than  black  or  more  glossy  coal. 

Notice  how  easily  the  lower  part  of  the   specimen    fig.    i 

might  be  mistaken  for  the  form  illustrated  in  fig.  3,  plate  II. 

facing  p.  50.  vol.  xxvi,  July,  1900. 

Fig.  4.     \ertical  %*icw  showing  a  patch  of   ?  detached  or  scattered 

tri-radiatc  spores,?  occurring  in  coal  same  as  fig.  i. 
Fig.  5.     Longitudinal  section,    ?  somewhat  oblique,  apparently  ex- 
hibiting a   small   cone  or  inflorescence  belonging  to  some 
unknown  plant  embedded  in  a  dark  gray  lamina  of  Penn-r 
s>*lvania  anthracite. 

Reference  to  plate  III  and  remarks  on  the  specimens. 

Figs.  I  to  7.  Horizontal,  or  for  the  most  part  horizontal,  sections  of 
various  pods,  seeds,  infloresences  etc.,  of  several  kinds  at- 
tached to  or  in  such  close  contact  with  parts  of  stalks,  twigs 
or  other  extremities  of  plants  that  they  arc  probably  in  situ. 
Observed  upon  the  planes  of  lamination  of  various  speci- 
mens of  Pennsylvania  anthracite. 

Fig.  8.  Oblique  section  of  a  comparatively  small  ?  macrospore,  ap- 
parently attached  at  the  junction  of  ribbon-shaped  processes. 
Pennsylvania  anthracite. 

Fig.  o  Magnified  aspect  of  some  of  the  ?  microspores  of  the  form 
fig.  S 

Fig  10.  Exterior  of  macmsporc  ?  (in  this  case  composed  of  py- 
rite     eniV)C(idt'(^.  u-  nTi:lirncitr  :  n^sorintec:  wMl".  •-o^Trr''  r.tb;-"- 
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.'VrM'.r.fic   >ianr   ot    *.^al-neani      ■  bir-iminoui > .     Loc.     What 

*  '/.  y      r-:  T^diat^;  macrospores  ?  with  leafy  expansions  aiq>arently 

/^r-^  mrl  fra^mental.  Color,  pale  brown.  Same  horizon  and 

.i4m^  ffCHlify  Ai  specimen  fig.  I.  (Sec  "Triletes"  Kidston,  in 

.  -4n?    Roy   Soc.  oi  Edin. ;  vol.  35,  p.  63.) 

J.    ;.     A   p*^ar  <haptd  seed^^xtcrior  view:  seems  to  be  made  of 

--,'■1',      Same  horizon  and  locality  as  specimens  fig.  i  and  2. 

%'.nn»Ur  or  yrry  similar  forms  had  been  noticed  by  me  in 

h^     F'ift^bijrsc'*  coal  bed.  Pa.,  and  in  the  **Bamsley  Thick'* 

v.-f,  in  Yorkshire,  England.) 

■  y    i       N  tt-iftrnr-'l  frtiit  or  seed?    Cardiocarpon  consisting  of  coaly 

*\(*ri/tn\  .\\n\  ir)rality  same  as  the  above. 
<    :      A  ^hrrr.  rf>f ncrcd  seed  or  pod,  fossilized  it  would  seem  when 
i»^«iif  r/>  /iprti  itlong  tri- radiate  lines.    Composed  of  lime  etc., 
tn/l  utuuA  III  .1  roncrrtion  of  that  material  with  pyrites,  in  the 
/.111  Jird  of  What  Cheer.  Keokuk  county,  Iowa. 
-'  A   ^      Nrvtily  hntt/oiHal  scction  of  what  appears  to  be  a  pod  filled 
viiti   iitt\i      (  oiiiiM)Ned  of  black  carbonaceous  material  and 
(,/».♦'      Ihmutn.    Coal  bed.    Loc.  What  Cheer.  Iowa.     (Dis- 
'/."i«il  t»y  KMtuhitg  and  polishing  the  material.) 
''4.     /      H/«M/niiiitl    virw   of   u   little  patch  of  moss-like  filaments 
l.).i'ku)i  lit  \oKii,  and  embedded  in  p>*rite).  enclosing  brown 
<.«! !      /  tn  tihty.  the  coal  bed  at  What  Cheer,  Iowa. 
i   A    <      11'«M/niiiiii  .r«  Hon  or  view  oi  part  of  some  plant,  in  or  upon 
ii»i.  |iiiii :  ••!  whult  AW  ^ci*n  little,  bright,  yellowish,  red-coated 
■ '  «l ..   h.iviiiH  iHMily   white  nuclei  more  or  less  visible.  This 
...il   Mil.    liiKii   ithi.stiaicd   in  ti^.   r.   may  be  the  same  plant. 
I  '.iiMit   III  .1   Iniic  aiul  )»>iitc  concretion  in  the  coal  at  What 

'     if  I  i       1«*V\>I 

f   4     ,     M'.ii.i.iii.il    .t^iioii  vvlc\ckHH>d  \v  grinding  and  polishing  a 

If  .,i,»M>  til  ••!  .i  i>>iiic>  Moiiiilc  taken  ottt  oi  the  coal  at  What 

'  »,  .  I     lii^N.tt    oi    .t    \ev\l-K\irMijc   •M:lore<ctrnce.     a.   shows   a 

■  I  • .)  .1    -Il   .Miiiv-   viM  ^-picai'v    '>  '^^   i^'*  •ippearances  in  place 

*.,   iiii     It  Ui  iiiu.ttuMi       riu-  ^i»vc';:x'ti  >eems  to  be  bractiform 

I,,     ii.M  i>  i>  i        !'»*>■   'i:.i;vi'.i'     •:    :i^e   <,-»ucarp?   :s  of  a  brown 

.1   ,       Mill,  k    ii*':iiis  •■■iv.v^:     :'.    :'n<   specimen   may  be 

I     II...   ..im.ii.'.ii;   ..K*   .!'.  .1*^  ■'>; 

I  ..i..».  .1    V ..  *\      'i    I'v.xtvc'.         -i     N-Tat  seems  to  be  a 

I    ...    I  .  .   .»    .  ..Nv.     ^v^       ; ^><.       »er?Mp:i  similar  to  the 

....         .    L.  -  >.cv    "K".    \.i>  :!OC  fmmd  M  situ 

, ,    ...  ^     '     j;     -. '::-s.''-rr«i.  >ut  in  the  same 

.11  i  -■•>-•  ^r^^ta  yr  pericarp. 

i  ■•>:  ?<«d:  >.  mem- 

-.1   ^."tjc   excrescence?, 
.    .  •.■••»■;*'.:  ■v>rless  or  seed: 

I-,'.'    .'c  d:^e  seed  itself. 
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which  is,  I  think,  globular  in  form,  peeping  through  the 
broken  envelope  h.  The  substance  of  c  is  beautifully  pearly 
white,  or  of  a  pale  resinous  hue,  and  presumably  is  petrified 
albumen  or  endosperm.  / 

Fig.  II.  Seed,  very  similar  to  that  in  fig.  lo,  and  iii  the  same  or  a 
similar  pyritous  nodule  in  the  What  Cheer  coal  bed.  Devel- 
oped by  grinding  and  polishing.  Shows  gflocculent,  cloudy 
white,  central  or  nucleal  material  c:  g^aen  colored  mem- 
brane h;  homed  and  4-comered  testa  or  pericarp  a. 

Fig.  12.  External  aspect  of  another  seed  very  like  the  one  in  fig.  10, 
but  probably  a  less  perfect  specimen  as  to  the  outer  envel- 
ope, one  of  the  4  corners  seems  to  be  broken  off.  Here  again 
is  seen  the  pearly-looking  nucleus  where  the  coverings  have 
been  removed. 

These  seeds  are,  in  the  What  Cheer  coal  material,  associ- 
ated with  Lepidodendron,  {?)  yphenophyllum,  Myclopteris, 
and  the  other  forms  hAr***-   'l^iistrated,  e.  g.  Cardiocarpus, 

leer  coal  bed  is,  by  the  state  geo- 

^j  near  the  base  of  the  coal  meas- 

'  stage  of  the  Carboniferous.    (See 

lowasj  1.  IV.    Third  Annual  Report,  1894, 

pp.  225-311.) 

The  pyritous  concretion^  in  the  What  Cheer  coal  furnish  us 
with  samples  of  what  may  be  called  the  raw  material  of  coal 
saved  from  coalification  bv  these  concentrations  of  iron,  sul- 
phur,  lime,  etc. 

Reference  to  Plate  V.  and  Remarks  on  the  Specimens. 

y\^.  I.  lA)ngitudinal  section,  dcveloi)cd  by  grinding  ar^^l  ))uli^hiiig 
a  fragment  of  a  pyritous  concretion,  of  a  small  bractiform 
inflorescence.    Locality.     What  Cheer,  Iowa. 

I'ig.  2.  Longitudinal  section  of  another  very  similar  form.  i)osscs^- 
ing  stamens  in  loco  natali.  From  same  material,  same  coal- 
bed,  and  same  locality  as  specimen  fig.  i.  Docs  not  this 
specimen  suggest  a  male  flower  showing  pollen  sacs?  At- 
tached to  the  stalk  of  this  fossil  were  two  other  very  similar 
flowers  (if  flowers  they  can  be  called),  one  on  each  side  and 
about  one-eighth  of  an  inch  below  it.  The  stalks,  however, 
were  very  poorly  preserved.  nr»  structure  was  observed  in 
them. 

Fig.  3.  Transverse  sectional  aspect  of  one  of  these  cones,  very 
close  to  its  base. 

I'ig.  4.  Transverse  section-jiolislR-d,  of  one  of  the>o  c^»nc-  from 
the  coal  in  Iowa. 
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Fig.  5.    Illustrations  of  stamens,  or  the  ?  calyptra  of  the  same,  in 

another  specimen  of  the  same  inflorescence. 
Fig.  6.    Longitudinal  section  through  the  central  part  of  a  cone 

showing  several  barren    ?  seed-vessels  b  at  the  top  of  the 

stalk  a. 
Fig.  7.    Longitudinal  section  of  a  fragment  of  a  twig  or  branch 

showing   indications   of   the  peduncular   attachment   belong- 

ing  to  one  of  these  inflorescences.     The  form  of  one  twig 

seems  to  have  been  deeply  grooved  longitudinally,  and  was 

perhaps  of  hexagonal  section. 

Reference  to  Plate  K/.  and  Remarks  on  the  Fossils, 

Fig.  I.  View  of  a  group  of  small  conical  forms,  some  attached  to 
the  stalk  and  branch,  as  exposed  by  fracturing  a  mineralized 
nodule  (pyrite,  lime,  etc.)  taken  from  the  coal  at  What 
Cheer,  Iowa.  In  this  specimen  the  stalk  consists  of  a  soft- 
ish,  brownish  black  material  and  exhibits  no  organic  struc- 
ture. In  close  touch  with  these  cones  were  several  nuts  of 
Cardiocarpus  (Plate  VII). 

Fig.  2.  Longitudinal  section  of  a  cone?,  and  a  cluster  of  what 
looks  like  three  seeds  within  bractiform  envelopes;  both  ob- 
jects are  attached  to  the  badly-preserved  twig.  From  the 
same  pyritous  concretions  in  Iowa  coal. 

Fig.  3.  Longitudinal  and  rather  oblique  section  of  the  terminal  of 
a  branch  or  twig,  bearing  what  appears  to  be  a  damaged  in- 
florescence at  a.  Brought  to  light  by  grinding  and  polishing 
the  pyritous  material  out  of  the  coal  in  Iowa. 

Fig.  4.  Transverse  section  through  the  lower  part  of  the  twig  fig. 
3,  showing  leaves  surrounding  the  twig  or  branch,  of  which 
there  seem  to  have  been  about  ten  to  each  node. 

Fig.  5.  longitudinal  section  of  what  appears  to  be  a  terminal  of 
some  twig  belonpng  to  still  another  plant. 

Fig.  6.  Longitudinal  section  of  part  of  a  seed  bearing  ?  twig  of 
fK)ssihIy  still   another  species. 

All  of  the  above  specimens  were  discovered  in  the  pyritous 
nodular  concretions  out  of  the  coal-bed  at  What  Cheer,  Iowa. 

Reference  to  Plate  VII,  and  Remarks  on  the  Specimens. 

Vif^.  1.  lyjngitndinal  sectional  view  or  diagram,  compiled  from 
-<!veral  diflPcrcnt  specimens,  of  a  Cardiocarpus — (cardiocar- 
[wm  frtiit).  The  right  half  of  this  fruit,  seed,  or  nut,  from 
the  line  a  b  h  wholly  sectional,  and  shows  indications  of 
bracts  or  leaves  c  enclosing  or  partly  surroundinc:  the  cx- 
otc^^ta  d.  Between  the  latter  and  the  perispermic  membrane? 
is  a  zone  of  calc-spar  f.  g  is  the  nucleus — the  endosperm, 
ron«^istinp^  of  milky  white  calcareous  material,  and  exhibiting 
:\   heantiful    radiate   flocculcnt   structure  by   a  paler  tint  per- 
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vading  Ihe  more  cloudy  one.  Near  the  iixterior  of  'lie  nu- 
cleus are  beaiitifiil  plays  of  microicopie  abore-'ceiit  pjriK, 
which  wave  about  .nl  creep  inwards  or  towards  '^e  center 
of  the  seed.  Then:  are  near  the  apr  ■  or  ^.  certain  yelle™- 
isb  brown  inclusions  or  forr^Mi-ns  /;.  ih^t  may  suggest  an 
embryo.  At  the  ba^e  of  ''le  -<i'i  ••'■jy  c  noticed  several  in- 
("fstlnii  structural  tea'   .-es  piit-iimic  to  the  peduncle. 

The  Vf".  hjnd  !ialf  o'  iht  inire  &hows  a  portion  of  the  ex- 
otesta  removed  so  as  to  ori.jg  into  view  the  aspect  of  the 
membrane  fig.  5,  and  beneath  this  membrane  at  g  the  sur- 
face of  the  kernel  or  seed  itself  uppears.  which  surface  is 
marked  or  bears  the  impress  of  the  pattern  or  formation  sug- 
gested by  the  drawing  fig.  5 — the  membrane  e.  Observe  the 
rugged  exterior  of  the  outer  envelope  d.  In  some  specimens 
this  is  seen  to  be  broken  and  displaced,  suggesting  something 
harder  than  n  fleshy  compos  it  ir.n. 

From  mineralized  nodules  in  the  conl  bed  at  What  Cheer,  Iowa. 

Fig.  2.  Pattern  or  quasi  tessellated  appearance  of  the  cxotcata  d 
fig.  1.  The  color  of  it  is  golden  brown  to  greenish  gold — has 
3  broniy  aspect. 

Fig,  3.  Suggests  the  charai  ler  of  the  substance  or  structure  of  the 
exotcsta  d.  In  color  is  grayish,  but  often  mottled  or  var- 
iegated— black,  white,  gray,  brown,  yellowish  and  reddish. 
Near  the  sides  tl-c  ctlls  become  smaller. 

l-'ig.  4-  Hairy  aspect  ct  the  inner  surface  of  the  exotcsta  d :  greatly 
magniRed. 

Fig.  5,  An  atteiu;  t  lo  depict  the  pattern  or  moulded  form  of  the 
membrane  vc  thin  envelope  in  contact  with  the  endosperm  g. 
In  substance  this  membrane  is  very  brittle,  thin,  and  of  a 
golden  brown  color.  Where  the  kernel  g  is  widest  the  pat- 
tern is  best  developed;  as  the  micropyle  is  approached  the 
pattern  is  elongated,  contracted  and  narrowed  down  as  in- 
dicated in  fig,  1,  In  reality  this  pattern  consists  of  little 
cvoid  knobs  within  little  ovoid  depressions. 

Fig.  6.  Transverse  section  of  the  membrane  e,  so  far  as  showing 
its  corrugations. 

Fig.  7.  Oblique  view  of  part  of  the  base  of  this  Cardiocarput, 
showing  the  hilum  j,  and  what  is  perhaps  a  radicle  or  cau- 
licle  I  protruding  into  the  nucleus  e  fig.  I.  This  radicle?,  or 
whatever  it  is,  is  colored  golden  brown  outside,  and  its  in- 
terior substance  is  white.  Does  this  feature  indicate  two 
cotyledons  ? 

Fig,  7.  a.  Longitudinal  section  of  another  aspect  of  the  base  or 
near  to  the  base  of  this  or  another  species.  I  do  not  under- 
stand it. 

Fig.  7.    b.    View  of  Ihe  base  of  the  nucleus  g,  fig,  i :  ?  the  hilum. 

Fig.  8.  Longitudinal  section,  end  view,  of  one  of  these  specimens 
of  Cardiocarput. 
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Fig.  9.  Longitudinal  section  of  part  of  possibly  a  different  species 
of  Cardiocarpus.  This  specimen,  being  badly  squeezed  or 
preserved,  is  difficult  to  understand.  It  seems  to  have  pos- 
sessed a  fibrous  exotesta,  the  character  of  whose  tissue,  be- 
ing pulled  apart,  is  shown  in  fig.  10.  The  pattern  on  the 
inner  envelope,  and  some  structures  near  the  peduncle  are  in- 
dicated. This  fruit  was  about  twice  the  size  of  the  Car- 
diocarpus  fig.  i.  Same  horizon,  locality  and  material  as  for 
specimens  figs,  i  to  8. 

I  am  not  aware  of  any  Cardiocarpus  showing  more  internal 
organization  than  do  these  from  the  coal  of  What  Cheer  in 
Iowa,  and  so  possibly  they  may  aid  in  settling  the  still  open 
question — were  cardiocarpa  seeds  ? 

Though  the  nodules  were  quite  rich  in  numbers  of  the 
fruits  figs.  I  to  8,  I  failed  to  detect  any  of  them  attached  to 
stalk  or  twig.  They  lay  in  the  matrix  in  all  positions  and  scat- 
tered; evidently  dropped  upon  or  into  the  vegetable  material 
enclosing  them ;  in  some  cases  they  were  in  actual  contact  with 
the  inflorescenses,  Plate  V,  and  with  forms  shown  in  Plates 
YI  and  \IU. 

To  facilitate  reference  to  authorities  on  Cardiocarpus,  the 
following  are  given : 

Q.  J.  G  S.,  vol.  xxviii,  plate  27,  fig.  4.  (an  Australian  specimen). 

Manual  of  Palaeontology,  by  A.  Nicholson,  vol.  2,  p.  450. 

Cat.  Palae.  Plants  in  the  British  Museum,  by  R.  Kidston,  1886,  p.  207. 

Report  of  the  Second  Geological  Survey  of  Pennsylvania,  vol.  P, 
(Atlas,  Coal  Flora)  pp.  561-574,  plate  Ixxxv,  figs.  32-50,  and  plate 
Ixxxvii,  fig.  8. 

Palaeontological  Botany,  by  J.  H.  Balfour,   1872,  pp.  65.  66. 

Fossil  Botany,  by  Solms-Laubach,   1891,  p.   118. 

Text-hook  of  Geology,  by  A.  Geikie,  1882,  p.  731. 

Geological  History  of  Plants,  by  Sir  J.  W.  Dawson  (1888),  pp. 
80,  82,  153. 

Acadian  Geology  (second  edition),  by  Sir  J.  W.  Dawson  ri868), 
pp.  459,  460. 

Geological  Survey  of  Ohio  (Palaentology,  vol.  i).  by  J.  S.  New- 
berry, 1873.    Plates  xli,  xliii. 

Geological  Mag.,  1872,  vol.  ix,  pp.  55,  57. 

Phil.  Trans.  Roy.  Soc.  Fossil  Plants  of  the  coal  measures,  part 
viii,  by  W.  C.  Williamson,  18  May,  1876,  plates  xiv,  xv.  and  xvi. 

Reference  to  Plate  J^III.  and  Remarks  on  the  Specivicns. 

Fig.  I.  Fragment  of  a  small  Pecopteris,  shown  more  or  less  in  dia- 
gram, indicating  the  form,  the  shape  and  disposition  of  the 
pinnae,   with   the   exterior   venation   on   the   right,   and    some 
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anatomical  structures  on  the  left.     From  p3rrttes  nodule  in 

the  coal  at  What  Cheer,  Iowa. 
Fig.  2.    Transverse  section  of  a  pinna  through  o  fr  fig.  i,  showing 

curling  under  of  the  rim  or  sides  of  the  pinnae,  and  the 

position,  shape  and  size  of  the  mid-rib  c. 
Fig.  3.    Longitudinal  section  through  a  pinna,  near  the  cunrtng- 

under  line  (c  fig.  3),  showing  cross  section  of  the  brandtiiig 

venation,  the  curved-under  point  of  the  pinna,  and  the  stalk 

of  the  frond  at  d. 
Fig.  4.    Another  long  section  of  a  pinna  between  its  mid-rib  and  the 

curving-under    line,    showing   frond's    mid-rib    d,    and    the 

curved-under  edge  of  the  pinna  e. 
Fig.  5.    Rather  oblique  cross  section  of  a  pinna,  showing  curiously 

curved  form. 
Fig.  6.    The  aspect  of  the  exterior  or  upper  surface  of  a  pinna. 
Fig.  7.    Details  of  the  venation  near  the  tip  of  a  pinna. 
Fig.  8.    Longitudinal  section  of  part  of  a  mid-rib,  with  branching 

or   rebranching   venation   and   associated   cellular   structure. 
Fig.  9.    View  of  the  underside  of  a  pinna   (restored). 

Note.  In  these  pyrites  concretions  in  the  c6al  bed  at  What 
Cheer  in  Iowa,  this  species  of  Pecopteris  is  rather  common.  It 
was  by  grinding  and  polishing  that  the  structural  details  were 
tirought  to  light,  and  I  am  greatly  indebted  to  Dr.  David  White 
of  the  United  States  Geological  survey  for  suggesting  that  this 
fossil  be  figured,  because  probably  of  scientific  value  paleo- 
1x)tanicallv.  Instances  of  fossilized  anatomical  structures  in 
the  leaves  of  ferns  are  certainly  ver^^  rare,  in  fact  this  is  about 
the  only  case  I  can  find  or  know  of. 

Fig.  10.  Transverse  section  of  part  of  one  of  the  What  Cheer  nod- 
ules, showing  a  portion  of  a  row  of  pyrite-colored  XXX  and 
dots,   separated  by  or  embedded  in  a  blackish  substance. 

Fig.  II.  The  aspect  of  the  specimen  fig.  10  after  grinding  and 
polishing  obliquely.  The  material  was  evidently  vegetable, 
and   the  structures   seem   to   suggest   the  palm  or   the   cane. 

Fig.  12.  Fragment  of  mineralized  cellular  vegetable  material 
(chiefly  pyrite).  showing  pitted  and  punctate  vessels  of  two 
or  three  kinds.     From  the  coal  bed  at  What  Cheer,  Iowa. 

Fig.  13.  Coniferous?  wood-cells  and  medullary  ray?  material, 
composed  of  pyrite  etc.,   in  the  coal   of  What   Cheer,  Iowa. 

Note.  The  surfaces  of  these  What  Cheer  pyritous  nodules, 
while  preserving  a  generally  regular  outline  or  contour,  are  in 
realit>'  anything  but  smooth — tliey  are  decidedly  roug:h ;  the 
pyrites  mixed  with  the  coal  lamin:e  of  the  seam,  and  the  coal 
on  the  other  hand  penetrates  the  y)vntes. 
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And  in  regard  to  the  well-preserved  condition  of  the  vege- 
table contents  of  these  concretions,  it  would  be  very  interesting 
to  know,  could  the  point  be  determined,  whether  this  vegetable 
matter  passed  through  the  coaly  state  between  that  of  the  wood, 
leaves,  seeds,  etc.,  and  the  pyritous  condition — to  stone;  or 
whether  the  wood,  seeds,  etc.,  passed  direct  Into  stone  pari 
passu  with  the  process  which  converted  the  vegetable  matter 
that  is  now  the  coal  into  coal.  And  this  thought  leads  to  an- 
other, VIZ. :  Are  the  same  fossils  in  the  coal  as  we  find  in  the 
concretions?  The  ragged  surfaces  of  the  concretions  and  the 
aspect  of  the  fossils  where  they  terminate  on  these  surfaces 
(sometimes  they  grade  into  coal}  suggest  an  answer  in  the  af- 
firmative. But  be  this  as  it  may^  the  phenomenon  which  these 
nodules  reveal,  of  so  much  uncrushed  or  apparently  loose-lying 
vegetable  tissues  and  structures  as  they  do,  shows  with  what 
intricate  subtle  and  complex  processes  and  ways  the  conver- 
sion of  the  vegetable  matter  of  the  Carboniferous  period  into 
coal,  and  petrifactions  in  the  coal,  was  in  all  probability  at- 
tended. 

Physically  and  stratigraphically  it  is  interesting  to  find,  as 
I  have  done,  the  following  familiar  forms  either  in  or  upon 
this  particular  bed  of  coal ;  which  indicate  accumulation  of  the 
vegetal  material  under  marine  rather  than  fresh  water  condi- 
tions: Discina,  Naticaf,  Pentamerus,  Lingnla,  Terebratula, 
Plcurotonaria?  and  Orthoceras. 


ON  THE  PETROGRAPHY  OF  MOUNT  ORFORD. 

By  John  A.  Drbssrr,  Richmond,  Qttebec. 

The  Green  mountains  of  Vermont  enter  the  province  of 
Quebec  in  several  ranges  which  run  in  parallel  courses  and 
have  a  general  northeasterly  direction,  varying  in  elevation 
from  inconspicuous  hills,  or  ridges,  to  mountains  upwards  of 
3,000  feet  in  hight.  One  of  these  ranges,  wh^'ch  is  a  continu- 
ation of  that  to  which  Jay  peak  belongs  in  Vermont,  forms 
the  Sutton  mountains ;  another,  appearing  first  at  some  dis- 
tance on  the  east  side  of  lake  Memphramagog,  becomes  the 
Stoke  range,  and  is  a  more  noticeable  feature  of  the  landscape 
farther  towards  iIk'  iv^rtheast,  where  it  has  a  greater  elevation ; 
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a  third  forms  the  line  of  hills  along  the  international  boundary 
line  between  the  states  of  New  Hampshire  and  Maine  on  ihe 
one  hand  and  the  "eastern  townships"  of  the  province  of 
Quebec  on  the  other.* 

A  little  to  the  east  of  the  Sutton  ridge  and  parallel  to  it 
there  is  for  some  distance  north  of  the  Vermont  bmindarj' 
line  a  series  of  irregular  hills,  which  have  a  quite  different 
origin  from  the  ranges  on  either  side  of  them.  While  the  lat- 
ter have  been  produced  chiefly  by  the  crumpling  and  folding 
of  sedimentary'  strata  the  former  are  of  volcanic  origin,  being 
the  remains  of  immense  outputs  of  lava,  now  greatly  altered 
in  character  and  reduced  in  amount,  which  were  ejected  from 
a  scries  of  volcanoes  or  fissure  eruptions,  probably  caused  by 
the  weakening  of  the  sedimentary  strata  in  the  process  of  the 
folding  which  produced  the  Sutton  mountains. 

The  largest  of  these  ignrnns  tiinsses  is  that  which  com- 
prises mount  Oxford,  the  area  of  which  is  not  less  tlian 
twenty  sc|uare  miles,  if  its  avtrajje  highl  almve  ihe  tiurround- 
ing  country  be  estimated  at  1.000  feet.'f  the  mountain  at  pres- 
ent represents  four  cubic  miles  of  lava  which  have  been  ex- 
truded in  this  one  mass,  and  it  must  also  be  remembered  that  a 
considerable  portion  of  the  mountain  has  doubtless  been  re- 
moved by  denudation,  for  besides  the  action  of  sttbaerial  agen- 
cies, it  has  also  suffered  from  glaciation,  even  upon  the  sum- 
mit.i 

The  densely  wooded  nature  of  the  mountain  as  well  as 
its  precipitous  sides  in  the  only  practicable  direction  of  ap- 
proach make  the  mountain  difllicult  of  access  and  render  a  de- 
tuled  field  examination  at  present  impossible.  Yet  well  known 
paths  of  ascent  on  the  southern  side  give  almost  continuous 
exposures  from  the  Canadian  Pacific  railway  at  the  base  to  the 
stmtmit,  while,  as  has  been  pointed  out  by  Dr.  Ells,$  a  uniqu*; 

•Dr.  K.  W.  Clu.  Rep.  Gfologicml  Sarrey  of  Cauada.  Vol.  II.  1»SG.  l-arl  ). 
sod  mmp,  ami  Vol.  VII.  1894.  P«rt  J.  and  map. 
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j  Petrography   of  Mount    Orford. — Dresser.  t? 

obscured  by  the  excessive  alteration  of  its  component  miner- 
als, the  primary  constituents  that  remain  being  comparatively 
rare.  In  specimens  from  the  summit  the  following  minerals 
were  distinguished:  plagioclase  feldspar,  generally  quite  tur- 
bid from  decomposition,  though  retaining  its  crystal  outlines 
and  occasionally  plainly  showing  the  distinctive  multiple 
twinning ;  aggregates  of  chlorite,  epidote  and  a  light  green  or 
colorless  hornblende  ( ?)  which  are  taken  to  represent  pri- 
mary pyroxene;  an  alnindancc  of  Icucaxene,  indicative  of  the 
existence  of  primarj-  iron  ore  and  indicating  its  titaniferons 
charactei ;  quartz,  which  is  also  apparently  of  secondary  ori- 
gin. 

The  arrangement  of  the  feldspars  in  reference  to  aggre- 
gates of  pyroxenic  decomposition  products,  and  to  one  an- 
other, is  that  characteristic  of  the  structure  of  diabase,  to  which 
thf  compiisition  indicated  above  also  allies  the  rock.  It  is 
therefore  an  altered  diabase  closely  resembling  that  Iciiowii 
to  occur  at  Owl's  Head.*  sixteen  miles  to  the  southward. 

But  it  has  been  raid  tliat  tlie  rock  is  coarser  in  the  central 
portions,  while  other  variations  also  appear  in  it  on  more  de- 
tailed examination.  In  these  coarser  parts  such  as  are  seen 
for  the  first  one-third  or  half  of  the  way  up  the  mountain  on 
the  south  i^idc,  the  original  structure  was  more  sranniar  than 
that  of  a  diabase.  The  mineral  olivine  also  appears,  either 
enclosed  in  or  associated  with  larger  masses  of  fibrous  horn- 
blende, while  the  other  mineral  constituents  are  essentially 
the  same  as  in  the  preceding  specimens.  While  a  rock  of  this 
composition  and  structure  would  be  a  dioryte,  yet  as  the 
iiomblende,  from  its  fibrous  character,  irregular  outlines  and 
the  probable  presence  of  a  little  pyroxene  in  one  slide,  is 
likely  in  a  large  measure  uralitic,  it  would  have  been  origin- 
ally a  gabbro.  It  is  accordingly  best  classed  as  a  gabbro- 
dioryte  ,  in  the  sense  in  which  the  term  was  used  by  Prof.  G. 
H.  Williamsf  in  connection  with  an  apparently  similar  phase 
of  the  Baltimore  gabbros  to  indicate  not  only  the  composition 
and  stmcture  of  the  rock,  but  also  its  origin, 
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enlai^ement  of  grains  in  crystallographic  forms.  The  orig- 
inal grans  being  comparatively  fresh  in  appearance  and  with- 
rmt  any  coating  or  iron  the  clastic  nature  of  the  rock  is  not 
P3SV  to  discern  in  all  parts,  especially  as  it  is  very  compact, 
and  hence  the  secondary  silica  is  in  relatively  small  amounts. 
Small  fragments  of  a  colorless  mica  are  to  be  seen  also,  which 
are  unlike  any  of  the  micas  found  in  the  accompanying  ig- 
neous rocks.  On  the  whole  it  is  a  rock  that  differs  from  the 
greywacke  in  conditions  of  deposition  rather  than  in  the 
character  of  the  original  fragmental  material,  and  is  probably 
only  a  phase  of  it' 

The  serpentine  is  at  this  place  darker  in  color  than  is  usual 
in  the  eastern  townships,  presumably  from  the  greater 
amounts  of  chromic  iron  which  it  contains.  In  the  thin  sec- 
tions that  have  been  examined,  the  alteration  of  the  primary 
minerals  has  been  so  nearly  complete  that  the  entire  field  ex- 
cept for  grains  of  iron  ore,  consists  eithei  of  dull  polarizing 
serpentine  or  of  the  allied  secondan,'  form,  probably  bastite, 
which  has  a  fibrous  structure  with  the  extinction  parallel  to 
the  fibres,  and  polarizes  in  rather  brilliant  colors.  It  agrees 
in  all  essential  respects  with  the  serpentine  of  Melbourne. 
which  has  been  described  by  Dr.  F.  D.  Adams,*  and  of 
which  mass  it  is  practically  a  continuous  part. 

Associated  with  the  serpentnes  are  ophicalcytes  and  talc 
schists  into  which  they  appear  to  pass  by  rather  sharp  transi- 
tions. 

The  ophicalcytes  are  mottled,  light  and  dark  green  rock 
and  are  often  quite  schistose.  In  the  thin  section  as  well  as 
in  the  hand  specimen,  the  only  essential  constitutens  are  seen 
to  be  serpentine  and  calcite.  The  former  in  some  places  is 
in  parallel  bands  separated  by  calcite,  in  others  it  forms  an 
irregular  network  having  the  interstices  filled  with  calcite. 
or  it  occupies  irregular  areas  in  a  groundwork  of  calcite. 
The  calcite  is  well  crystallized  and  is  free  from  specks  of 
graphite  or  other  dark  colored  inclusions.  But  it  is  often 
penetrated  by  small  strings  or  needles  or  a  feebly  polarizing 
mineral  also  thought  to  be  serpentine.     The  boundaries  be- 
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twtien  the  two  mmerak  are  tctt  irregular.    A  fern-  grsms  of 
diromic  ( ?j  inyn    form   tbe    oelIt   odier   cocstitncnt   of  tbe 
rock. 

Tbt  taic  wittBts  of  slate  are  soft,  greemsh  gray  in  cxdor, 
and  have  the  distinctive  tlose  or  greasy  feeL  Ther  arc 
often  findy  laminated  urrdb  a  distinct  dearcrage.  In  ordinaTy 
light  like  thin  section  appears  colorless  except  for  l5ie  pres- 
ence of  small  grans  of  iron  or  leocoxene,  -windi  arc  some- 
what e^-enly  distributed  throughont  liie  fidd.  Betmren 
crossed  nicols  tiie  colorless  mineral  polarizes  faintly  in  t^tc 
of  gray.    No  cr}*Btal  outlines  are  sm-dy  distingmsliable  in  iL 

An  earliex  origin  is  assumed  for  the  western  tian  for  the 
mnch  larger  eastern  di-iision  of  Orford  nx>nntain  from  a 
consideration  of  the  follom-ing  facts,  most  of  wiadi  have  been 
alreadv  stated. 

The  serpentine  and  other  metanKwphic  rocks  arc  in  a  nx>re 
advanced  stage  of  alteration  than  i±»e  diabase.,  and  are  intri- 
cately associated  with  sedimentar}-  rocks  of  Cambrian  age 
and  may  be  e\*en  older  than  these-  Tbe  diabase  and  gabbro- 
dioryte  mass,  which,  as  has  been  said,  forms  the  higher  and 
greater  portion  of  the  mountain,  contains  little,  if  any,  ser- 
pentine and  clearly  cuts  strata  recently  determined  on  fossil 
evidence*  to  be  of  Cambro- Silurian  age.  Also,  the  serpen- 
tines, which  with  their  associates  occur  ver\'  frequently  along 
the  sotitheastem  side  of  the  Sutton  mountain  anticlinal  simi- 
larly afes^xiated  with  clastic  rocks,  without  the  presence  of 
dial^se  at  all,  are  here  in  a  few  instances  cut  by  dykes,  while 
Tjo  d\k<rb  have  l>een  found  in  the  diabase.  These  dvkes  are 
V/j  far  altered  to  make  it  possible  to  determin  their  precise 
<jr\y^\rviL\  characters.  In  the  case  of  three  near  Orford  pond 
th*r  minerals  augite,  or  secondary-  hornblende,  are  prominent 
<y A^'h^^\y^*tr\^s  along  with  larger  amounts  of  epidote,  commonly 
m  !h<r  f'/nn  of  zoisite,  and  in  one  case  with  a  little  quartz. 
'Jli'ry  ar<r  not  vc-ry  different  from  the  extremely  fine,  "apha- 
njnc/'  form  of  the  diabase  as  seen  near  its  contact  with  the 
>I^i'-^  <iV>in  Milclta  and  hence  very  probably  belong  to  that 
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New  Areas  of  Neplteliite  Syenytc. — Millet 

J      taw__ 
Accordingly,  from  the  evidence  thus  far  availii 
ological  history  of  mount  Orford  would  be  briefly  b 

1.  The  parent  rock  of  the  serpentine  was  eithi .      t  F 
in  extensive  sheets  amongst  the  old  stratified  roc    i,  or  w» 
extruded  as  a  surface  flow  and  these  subsequently  deposltl 
upon  them. 

2.  These  rocks  then  became  very  intricately  folded  to- 
gether, and  were  much  worn  down  by  long  denudation. 

3.  An  eruption  of  diabasic  material  took  place  along  the 
eastern  edge  of  the  serpentine,  which  gave  rise  to  the  present 
mass  of  the  mountain  as  well  as  to  whatever  part  of  it  has 
been  since  removed  by  denudation.  It  is  probably  to  this 
period,  too,  that  the  extrusion  of  the  nioutitains  along  lake 
Memphramagog,  Owl's  fl  ,  Elephantis,  Hog's  Back,  be- 
long, in  which  "serpentine  very  rarely,  if  ever,  occurs.^ 


ON  SOME  NEWLY  DIS 
ELINE  SYENYTE 


In  a  recent  paper  Dr.  X-  : 

occurrence  of  a  large  area  u  jcks  on  the 

northeast  coast  of  lake  Superior,  western  Ontario.!  During 
the  summers  of  1897  and  1898  the  writer  was  engaged  in  trac- 
ing out  some  belts  of  these  rocks  in  eastern  Ontario  and 
showed  that  they  cover  a  large  area  in  this  part  of  the  prov- 
ince-t  Prior  to  1897  nephelJne  syenyte  was  known  to  occur 
in  only  one  outcrop  in  the  province. §  Late  in  1896,  how- 
ever, corundum  was  found  in  this  part  of  the  province  and  as 
the  deposit  of  this  mineral  appeared  to  be  of  economic  value, 
the  writer  was  engaged  to  rrtake  an  examination  of  it  and  to 
search  for  other  deposits  in  the  district. 

On  examining  the  rocks  in  which  the  corundum  otcurred, 
it  was  found  that  they  were  generally  either  nepheline  syenyte 
or  of  some  other  variety  of  syenyte.  Outcrops  of  these  rocks 
were  traced  along  one  belt  alxiut  seventy-five  miles  in  lengtii 
and  along  two  other  belts  of  less  length.     In  some  parts  of 
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these  belts  the  rock  in  which  the  corundum  occurred  was  found 
to  be  not  the  alkali-bearing  varieties,  the  various  syenj-tes,  but 
the  alkaline-earth  rocks,  anorthosytes.^ 

From  the  character  of  these  belts,  at  their  extremities,  it 
was  believed  that  they  could  be  traced  still  farther  in  an  east 
and  west  direction. 

Late  in  the  autumn  of  1899  the  writer,  'while  spending  a 
few  hours  in  the  vicinity  of  the  city  of  Hull,  Quebec,  discov- 
ered a  well-rounded  boulder  containing  grains  of  nepheline, 
which  confirmed  his  belief  that  the  belt  of  these  rocks  con- 
tinued eastward  from  the  province  of  Ontario  across  the  Ot- 
tawa river  into  the  adjoining  province,  and  early  in  the  present 
year  he  discovered  nepheline  syenyte  in  place  about  twenty 
miles  east  of  the  Ottawa  river. 

The  rock  found  here  was  composed  essentially  of  a  white 
feldspar  and  nepheline  in  grains,  some  of  which  had  a  diam- 
eter of  two  inches,  together  with  a  little  black  mica.  The  rock 
is  similar  in  character  to  much  of  that  found  in  the  corundum 
belt  of  eastern  Ontario.  Time  did  not  permit  of  an  attempt 
being  nia<le  to  trace  out  a  belt  of  these  rocks  to  the  east  of  the 
Ottawa  river,  but  from  what  was  seen  of  the  outcrops  and 
from  his  knowledge  of  the  field  relations  of  these  rocks  in 
Ontario,  the  writer  believes  a  belt  of  considerable  length  exists 
in  this  part  of  Quebec. 

.V  thin  section  was  made  of  a  fragment  of  the  Hull  bounlder. 
Under  the  microscope  the  rock  is  seen  to  be  composed  of 
orthoclasc.  microperthite  acidic  plagioclase  and  nepheline,  to- 
gether with  considerable  dark  grown  mica.  The  section  also 
showed  several  grains  of  calcite  with  somewhat  rounded  out- 
lines. This  occurrence  of  calcite  in  the  section  is  an  interesting 
feature  of  the  rock,  as  it  was  also  found  to  he  present  in  the 
first  specimens  of  the  rock  examined  in  Ontario  by  Dr.  F.  D. 
Adams,  and  has  since  been  found  in  specimens  of  the  rock  from 
a  number  of  other  localities  in  the  province.  The  fact  has  been 
referred  to  that  this  carbonate  has  the  appearance  of  being  an 
original  constituent."* 

There  are  several  somewhat  puzzling  features  in  connec- 
tion with  this  whole  series  of  neplieline-bcaring  rocks.    Among 
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these  are  the  great  variation  in  size  of  grain  and  tiiiiicralogical 
-  composition  in  parts  of  the  same  masses,  the  presence  of  grains 
of  calcite  and  scapolite,  holh  of  which  have  the  appearance  of 
heing  original  constituents,  and  the  occurrence  in  some  of  the 
masses  of  crystals  of  apatite  some  inches  in  length.  It  will  he 
seen  that  in  these  features  these  rocks  resemhle  to  some  extent 
certain  of  the  Canadian  apatite  deposits.  In  these  deposits 
water,  in  a  highly  heated  state,  has  heen  considered  to  be  tht? 
chief  agent  concerned  in  the  deposition.  It  would  seem  then 
that  water  may  have  played  a  more  inportant  part  in  the  depo- 
sition of  the  nepheline-bearing  series  than  in  the  cast  of  other 
so-called  igncons  rocks. 

A  short  time  ago  the  writer  made  a  hurried  trip  into  an- 
otlier  part  of  Quehec  about  140  miles  to  the  northwest  of  IIk- 
locality  to  which  reference  has  just  been  made,  and  was  some- 
what surprised  to  find  an  outcrop  of  nepheline  syenyte  and  re- 
lated rocks  there.  This  outcrop  is  situated  on  the  Kippewa 
river  about  twenty  miles  to  the  northeast  of  the  southern  end 
of  lake  Temiscaming,  which  fonns  the  head  waters  of  the  Ot- 
tawa river.  The  breadth  of  this  outcrop,  so  far  as  exposed 
above  the  surface  of  the  water  and  drift  material,  is  about  400 
yards.  The  rock  in  the  outcrop  shows  a  well-developed  schis 
tose  structure  and  a  considerable  variety  of  mincralogical  com- 
position, in  a  direction  at  right  angles  to  the  strike,  as  do  many 
of  the  outcrops  in  Ontario.  Much  of  the  material  has  the  com- 
position of  mica  or  hornblende  syenyte,  while  some  of  it  is  more 
basic,  holding  a  high  percentage  of  hornblende.  A  not  in- 
considerable portion  of  the  rock  has  the  composition  of  nephe- 
line syenyte.  The  nepheline  is  in  grains  of  different  size  up 
to  pieces  three  inches  in  diameter.  Some  of  the  hornblende  as- 
sociated with  the  nepheline  and  feldspar  is  in  the  form  of 
masses  whose  diameter  is  four  inches. 

It  was  observed,  in  tracing  out  the  nepheline  rocks  in  On- 
tario, that  they  were  nearly  always  associated  with  crystalline 
limestone.  No  attempt  was  made,  however,  to  explain  this 
association. 

The  first  outcrop  found  in  Quebec  during  the  past  season 
is  also  associated  with  crystalline  Hmestone. 

In  the  district  lying  immediately  to  the  west  and  south- 
west of  the  Kippewa  outcrop  which  has  heen  geologically  sur- 
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veyed  by  Dr.  A.  E.  Barlow  and  which  embraces  a  territory  of 
over  4000  square  miles,  three  quarters  of  which  is  Laurentian, 
crystalline  limestone  was  found  in  only  a  few  small  areas.* 
Since  this  rock  was  of  so  rare  occurrence  in  the  district  which 
has  been  mapped,  it  was  not  expected  that  it  would  be  found 
in  abundance  just  outside  this  area.  On  discovering  the  out- 
crop of  nepheline  rock,  however,  the  writer  stated  to  those 
accompanying  him  that  it  was  very  likely  they  would  find 
cr>'stalline  limestone  not  far  off.  On  proceeding  up  the  river 
a  short  distance,  the  limestone  was  found  in  place. 

From  the  discovery  of  outcrops  of  nepheline  syenyte  over 
such  an  extensive  territory  in  Ontario  and  Quebec,  it  would 
appear  that  no  Laurentian  area  of  any  great  size  in  central 
Canada,  which  contains  much  crystalline  limestone  or  in  other 
words  which  belongs  to  the  Grenville  series,  is  without  the 
presence  of  nepheline  syenyte  and  related  rocks.  This  is  of 
economic  importance,  in  addition  to  any  scientific  interest  it 
may  have,  as  very  promising  deposits  of  corundum  have  been 
found  at  different  points,  in  certain  facies  of  these  rocks,  some 
of  which  are  now  being  worked  on  a  comparatively  large 
scale. 

The  reason  whv  these  rocks  have  not  been  discovered  in 
many  places  in  this  part  of  Canada  in  earlier  years  are  no 
doubt  the  non-familiarity  of  many  observers  with  the  appear- 
ance of  nepheline  in  the  field,  owing  to  its  comparative  rare- 
ness in  most  countries,  and  its  resemblance  under  some  condi- 
tir)ns  to  other  light  colored  minerals.  Two  instances  can  be 
cited  in  which  rocks  containing  nepheline  were  examined  meg- 
ascopically  years  ago  and  in  which  the  mineral  wsa  mistaken 
for  rjuartz.  One  of  these  is  the  case  of  the  syenyte  of  Montreal 
mountain,  in  which  it  is  said  the  nepheline  was  mistaken  for 
(jiiartz  for  years.  The  other  is  the  case  of  centain  outcrops 
along  the  York  (Shawashkong)  river  in  Hastings  county, 
which  were  examined  in  1853  by  the  late  Alex.  Murray,  and 
described  by  him  in  his  reports  as  'iiornblcnde  rock*'  and 
mica  slates.""!*  These  outcrops  while  they  are  more  or  less 
schistose  in  cliaracter,  still  contain  the  nepheline  in  distinct 
grains,  some  of  which  are  of  considerable  size. 

*Kef>on  Oeot.  Surv.  Can.  I,  p.  x\i,  1897. 
\r,ff,L  Surv.  Can.  184.3-r,.  Map  No.  17. 
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Boulders  of  nepheline  rocks  were  found  many  years  ago 
in  the  region  north  of  lake  Superior.*  Dr.  A.  C.  Lawson  dis- 
covered rocks  containing  the  mineral  In  the  Rainy  River  dis- 
trict, towards  the  western  boundary  of  the  province,  some  800 
miles  west  of  the  eastern  outcrops, f  It  would  tlms  seem  that  no 
really  large  area  of  the  Archaean  in  this  part  of  Canada  is  with- 
out the  presence  of  the  nepheline-bearing  series.  These  out- 
cries whether  they  be  considered  of  Laurentian  or  Huronian 
age,  may  be  all  looked  on  as  having  come  originally  from  the 
same  magma.  Many  of  the  districts,  however,  in  which  these 
high  a  I  kali -hoi  ding  rocks  occur  cannot  be  said  to  be  character- 
ized by  the  presence  of  these  alone.  Large  areas  of  rocks 
holding  a  high  percentage  of  alkaline  earth  metals  are  of  just 
as  common  occurrence.  This  is  especially  true  of  those  areas 
in  the  extreme  eastern  and  western  parts  of  Ontario  and  the 
western  part  of  Quebec,  At  localities  on  cither  side  of  the 
boundary  between  these  two  provinces,  anorthosytes,  includ- 
ing among  others  the  well  known  Morin  area,  occur  in  large 
masses,  and  from  the  fact  that  corundum  occurs  in  some  of 
these  as  well  as  in  tlie  nepheline-holding  rocks,  there  seems  to 
be  little  doubt  that  these  rocks  whose  bases,  in  addition  to 
alumina,  are  essentially  the  alkalis,  sodium  and  potassium,  and 
those  whose  basic  constitiient  in  place  of  the  alkalis  is  chiefly 
calcium,  are  the  products  of  one  magma. 


PENEPLAINS  OF  THE  OZARK   HIGHLAND. 

B;  Osc*it  H.  IlHRgHRV,  Pragdnn.  Calif. 

The  Ozark  highland  comprises  all  of  the  mountain  coun- 
trj'  of  Arkansas,  the  eastern  portion  of  Indian  Territory,  and 
most  of  the  hill-country  of  Missouri  south  of  the  Missouri 
river.  On  the  north  and  west  it  is  bounded  by  the  long  east- 
ward slope  of  the  "great  plains"  and  the  Upper  Mississippi 
region;  on  the  east  by  the  Illinois  depression  and  the  Missis- 
sippi embayment  country,  and  on  the  south  the  sloping  plains 
of  Cretaceous  and  Tertiary  strata  stretch  from  its  borders  to 
the  gulf  of  Mexico.  It  is  separated  into  two  somewhat  dis- 
tinct uplifts,  by  the  long,  narrow  Arkansas  basin,  which  is  a 

a  for  1846-7. 
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structural  and  physiographic  as  well  as  a  topographic  depres- 
sion. 

South  of  the  Arkansas  valley,  the  country  is  characterized 
by  the  long,  narrow  east-west  ranges  of  the  (Duachita  moun- 
tains, surmounting  a  dome-shaped  ''uplift"  or  elevated  area  of 
the  deformed  Tertiary  peneplain.  These  ridges  are  trulv 
mountains,  and  bear  a  marked  resemblance,  both  in  strati- 
graphy and  structure,  to  portions  of  the  Appalachian  moun- 
tain system.  They  correspond  to  the  Blue  mountains  and 
similar  ridges  in  Pennslyvania,  east  of  the  main  Alleghanv 
range. 

The  synclinal  trough  of  the  Arkansas  valley  lias  no  rep- 
resentative in  the  Appalachian  region,  but  topographically^  the 
valley  of  east  Tennessee  is  its  counterpart-  The  former  sep- 
arates the  true  mountain  portion  of  the  Ozark  highland  from 
the  northern  or  plateau  division.  This  latter  is  what  is  com- 
monly known  as  the  ** Ozark  uplift/'  and  many  would  restrict 
the  name  Ozark  to  it.  The  plateau  is  a  great  dome-shaped, 
elevated  tract  of  the  deformed  Tertiary  peneplain  which  at- 
tains a  maximum  altitude  of  about  1.750  feet  A.  T.  in  north- 
western Arkansas  near  Fay ett evil le,  and  slopes  thence  gentlv 
to  the  north  and  east,  and  more  steeply  toward  the  west  and 
south.  It  is  sqrmounted,  along  a  line  20  to  30  miles  north  of 
the  Arkansas  river,  by  an  east-west  range  of  mountains  com- 
monly referred  to  collectively  as  the  Boston  mountain.  This 
corresponds  to  the  Cumberland  and  main  Alleghany  ridges  of 
the  Appalachians,  and  the  broad  plateau  north  of  it  is  the 
counterpart  of  the  Alleghany  plateau. 

This  close  resemblance  of  the  physicial  features  of  the 
Ozark  highland  and  the  Appalachian  mountain  region  has 
frequently  been  commented  on.  It  is  also  known  that  the  his- 
tory of  the  physiographic  development  of  the  two  areas  has 
been  essentially  alike  in  character,  as  all  orographic  and  epei- 
rogenic  disturbances  of  the  one  have  affected  the  other  also. 
However,  the  geoniorphology  of  the  Ozark  province  is  not  so 
well  known  as  that  of  the  Ai)palachians,  and  a  generalization 
of  its  physiographic  features  may  be  of  interest,  if  not  also 
instructive,  to  students  of  American  geology. 

7'hc  Cretaceous  peneplain. — This,  as  Mr.  L.  S.  GrisWold 
has  iflcutificd  it,  emerges  from  beneath  the  Cretaceous  strata 
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1  extreme  southwestern  Arkansas  and  southeastern  Indian 
Territon-,  and  rises  at  quite  a  perceptible  rate  toward  tiie 
north.  The  plain-like  character  is  soon  lost,  and  tlie  pene- 
plain is  represented  by  long,  narrow  ridges  whose  remarkably 
even  crcsis  constitute  the  remnants  of  the  ancient  plain  of 
denudation.  Still  farther  north,  in  Polk  and  neighboring 
counties  of  Arkansas,  and  the  adjacent  portion  of  Indian  Ter- 
rilorj-,  the  ridges  with  even  crest-line  have  disappeared,  but 
the  peneplain  seems  represented  in  a  general  way,  by  the  long 
casl-west  mountains  rising  1,200  to  1.500  feet  above  Ihc  gen- 
eral level  of  the  country,  and  separated  by  basins  five  to 
twenty  miles  wide.  Of  these  ridges,  some  of  the  most  prom- 
inent are  the  Push.  Rich.  Poteau,  Cavanal.  Sugar  Loaf  ani 
the  Magazine  moimtains.  There  are  many  low  passes 
through  thcin,  and  they  show  a  tendency  to  isolation  more 
than  the  Api>alachian  ridges.  Indeed,  several  stand  .ilone,  in 
monad  nock*  like  masses,  on  the  Tertiary  peneplain.  Only  in 
a  few  instances  are  Ihcir  summits  clearly  truncated  by  a  plane 
of  erosion  base-level.  Several  of  the  highest  have  flats  of 
sufficient  extent  to  afford  room  for  famis  on  the  mountain- 
tops,  notably  the  Rich  and  the  Magazine  mountains.  How- 
ever, there  is  such  a  general  similarity  in  hight  between  con- 
tiguous jxsrtions  of  the  mountain  system  (and  neighboring 
peaks)  as  to  leave  littk-  doubt  lliat  the  Cretacuovis  j>eneplain  i* 
approximtely  represented  by  the  suminits  of  the  Ouachita 
mountains  at  an  average  elevation  between  2,000  and  2,500 
feet,  reaching  a  maximum  of  about  2,750  feet  on  Rich  moun- 
tain on  the  line  between  .\rkansas  and  Indian  Territory,  ar.<l 
sloping  thence  very  gently  to  the  west  and  north,  and  mon; 
steeply  to  the  east  and  south. 

Between  Cavanal,  Sugar  Loaf  and  the  Magazine  moun- 
tains on  the  south  of  the  Arkansas  valley,  and  the  Boston 
mountains  on  the  north  of  that  broad  basin,  the  Cretaceous 
peneplain  has  been  completely  destroyed  over  a  width  of  prob- 
ably fifty  miles,  and  extending  east  and  west  completely  across 
the  Ozark  highland.  But  it  is  uudiiubtedly  again  represented 
in  the  Boston  mountain  at  an  cverage  elevation  of  2.000  feel. 
reaching  a  maximum  of  2,257  f^'*^t  "<^^''  Winslow  on  the  S.  L. 
&  S.  F.  R.  R.  UnUke  the  narrow  ridges  south  of  the  Arkan- 
sas river,  the  Boston  mountain  is  a  dissected  plateau,  ten  to 
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fifteen  miles  wide,  trending-  eait  to  west,  bowed  sligiitly 
a  central  line,  hut  otherwise  reraaricablv  even  in  surface.  The 
erosion  of  valleys  500  to  ifico  feet  in  depth  has  pretty  tiior- 
oagbly  ctrt  trp  this  plateau  into  flat-topped  ridges,  althocxgfa 
there  are  tindissected  tracts  of  300  or  400  acres  as  level  as  any 
plain.  The  origin  of  these  flats  is  difficult  of  ezpbmatioQ 
except  on  the  theor}.'  that  they  are  remnants  of  an  ancient 
f'^^ele^-el  of  erofiir>Ti,  a  peneplain:  Nearly  all  the  ridges  reach 
this  peneplain  level. 

The  Boston  mountain  is  monadn'Ocked  upon  the  Tertiary 
f>eneplain  to  the  extent  of  about  500  feet  vertical.  Hence,  the 
disi^ected  peneplain  to  its  summit  is  an  oldr  one.  From  the 
general  correspr^ndence  in  hight  between  the  Ouachita  moun- 
tains and  the  Boston  mountain,  it  appears  evident  that  the 
j^me  pene|)Iain  may  be  represented  in  both.  Hence,  I  feel 
«iafe  in  identifying  the  Cretaceous  peneplain  north  of  the  Ar- 
kansas Twcr,  at  a  maximum  altitude  of  about  2,250  feet  near 
Winslow  and  5rx>  feet  above  the  main  Tertiary-  peneplain. 

Northward  from  the  Boston  mountain,  the  Cretaceous 
{^•n(rf>1ain  is  rex>resented  by  isolated  outliers  of  the  main 
plateau — flat- topped  peaks,  sometimes  elongated  into  ridges — 
in  other  words,  by  a  series  of  monadnocks  standing  on  the 
'ff-rtiary  jKrneplain.  These  are  mainly  of  Coal  Measure  shales 
af)d  sandstones  and  some  might  consider  them  as  due  to  struct- 
ural rather  than  physiographic  conditions.  However,  I  am 
ronfidcnt  that  many  of  them  (especially  those  whose  summits 
an-  tniticated;  are  remnants  of  the  Cretaceous  peneplain,  so 
well  represented  on  the  Boston  mountain.  This  gradually 
descends  toward  the  north  and  approaches  the  main  Tertiary 
peneplain;  near  Ilindsville,  in  Madison  county,  Ark.,  there  is 
an  interval  of  only  a  few  hundred  feet  between  them,  and  near 
f'jircka  Springs,  several  monadnocks  forming  small  groups 
wi<l(ly  scijaratcd  from  each  other  and  far  distant  from  the 
niain  system  near  Pjoston  mountain,  seem  to  indicate  that  here 
flic  Octaccfjns  ]K!nej)lain  has  descended  tr*  within  100  feet  of 
the  lower  haselcvel. 

( )ver  the  C)zark  plateau  region  of  southern  Missouri,  it 
is  (loitl)tfiil  if  any  hill  can  l)e  jKisitivel}-  identified  as  a  remnant 
of  the  (relaceous  y)eneplain.  There  are  a  few  low  monad- 
n<M  kv  ill  St^'iie  and  Barry  counties,  which  seem  to  belong  to 
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the  same  system  as  those  of  north  Arkansas.  One  in  particu- 
lar near  Scholten,  in  the  latter  county,  is  a  narrow,  flat-topped 
ridge  rising  abottt  fifty  feet  abovt  the  surrounding  plain. 
Coal  Measure  sandstone  and  Burlington  limestone  arc  so  com- 
bined in  its  structure  as  to  make  its  truncated  summit  difficult 
of  explanation  under  any  other  than  baseleveling  conditions. 
I  am  inclined  to  believe  this  is  a  remnant  of  the  Cretaceous 
peneplain,  here  only  fifty  feet  above  the  Tertiary.  Northward 
from  here,  along  the  so-called  "crest"  of  the  Ozarks  they  may 
be  completely  merged  into  one. 

The  main  Tertiary  peneplain. — Between  the  narrow  Oua- 
chita mountain  ridges  of  soulh-central  and  southwestern  Ar- 
kansas, there  are  broad  basins  which,  like  the  inter-montane 
valleys  of  Pennsylvania,  represent  the  Tertiary  peneplain.  In 
the  vicinity  of  Mena.  in  Polk  Co.,  Ark.,  the  surface  is  gently 
undulating,  the  streams  not  having  cut  much  below  the  orig- 
inally very  flat  peneplain.  It  is  here  elevated  about  1,300 
feet  above  sea-level,  but  slopes  gently  in  all  directions,  partic- 
ularly toward  the  east  and  south.  Southward  from  Mena, 
there  are  tracts  of  many  square  miles,  where  the  surface  is  a 
remarkably  level  plain.  But  if  we  go  northward  from  Mena, 
toward  the  Arkansas  river  at  Fort  Smith,  after  passing  Rich 
mountain  through  Eaglegap,  we  find  the  fioors  of  the  inter- 
montane  basins  quite  thorougly  dissected  by  narrow  valleys 
separating  slill  narrower  ridges.  These  ridges  are  long  and 
straight,  remarkable  for  their  even  crests,  and  for  their  equal 
hights.  In  other  words,  the  summit-plane  of  these  ridges 
forms  as  perfect  a  dissected  peneplain  as  can  anywhere  be 
found  on  the  American  continent.  This  imaginary  plain  is 
absolutely  indifferent  to  the  stratigraphy  and  structure.  That 
it  represents  a  base-level  of  erosion  common  to  the  entire 
Ouachita  region  is  demonstrated  by  the  fact  that  its  slope  in 
each  basin  is  uniform  in  direction  and  degree  with  that  of  con- 
tiguous basins;  that  is,  were  the  Ouachita  mountains  removed, 
and  the  valleys  filled  to  the  level  of  the  long,  even-crested 
ridges  of  the  basins,  the  whole  country  would  be  perfectly 
«ven  plain,  rising  toward  a  central  point  near  Mena  to  fonn 
a  dome-shaped  elevation  of  the  land — the  Ouachita  uplift. 
This  is  the  main  Tertiary  peneplain  of  southern  Arkansas  and 
Indian  Territory.    On  it  stand  the  Ouachita  peaks  and  ridges 
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like  monadnocks  and  catoctins,  and  beneath  its  plane  are 
trenched  narrow  basins  and  canyon  valleys  of  systems  to  be  de- 
scribed later. 

This  Tertiary  peneplain  emerges  from  among  the  moun- 
tains to  form  the  very  even  plain  of  the  Arkansas  valley  where 
for  a  width  of  fifty  miles  or  more  it  is  not  interrupted  by  any 
monadnocks.  Standing  on  a  slight  elevation  and  looking 
across  the  Arkansas  valley,  the  surface  appears  to  be  a  re- 
markably even  plain,  sloping  very  gently  from  the  prominent 
mountains  on  the  south  toward  the  Arkansas  river,  quite  per- 
ceptibly eastward  or  down  the  valley  in  Indian  Territor>'  west 
of  Fort  Smith,  and  verv  decidedlv  from  the  Boston  mountain 
to  the  river.  In  short,  the  deformation  of  the  o^aia  can  be 
very  clearly  seen  from  any  point  of  vantage.  Along  the  axis 
of  the  trough  flows  the  Arkansas  river  and  in  its  vicinity  at 
Fort  Smith  and  Van  Buren  the  Tertiary-  peneplain  has  no 
greater  altitude  than  600  feet  above  the  sea. 

I  have  said  the  Arkansas  valley  appears  like  a  very  even 
plain,  but  in  reality  it  is  not.  The  original  plain  has  been 
pretty  thoroughly  dissected,  and  remains  only  in  narrow 
ridges.  South  of  the  river,  there  are  the  long,  straight,  even- 
crested  east-west  ridges  as  in  the  inter-montane  basins. 
Many  of  these  ridges  are  200  to  300  feet  in  hight  and  are 
locally  known  as  mountains.  In  places  they  are  separated  by 
considerable  basins,  and  the  streams  cut  through  them  in  nar- 
row gorges  like  the  water-gaps  of  Pennsylvania.  Indeed,  the 
topography  is  that  of  the  eastern  Pennsylvania  and  northern 
New  Jersey  mountain  country  on  a  smaller  scale. 

North  of  the  Arkansas  river,  the  ridges  which  form  the 
dissected  Tertiary  peneplain  are  less  regular  in  crest-line  and 
trend  prevailingly  in  a  north-south  direction.  Now  an  ex- 
tremely curious  feature  of  Ozark  highland  structure  comes  to 
light.  Generally  the  slopes  of  the  peneplains  in  the  Ozark  re- 
gion are  at  a  very  low  angle.  But  here  on  the  southern  slope 
of  the  Boston  mountain  the  Tertiary  peneplain  descends 
steeply  from  an  altitude  of  about  1,700  feet  A.  T.  near  Wins- 
low  to  600  feet  A.  T.  near  Y^lw  Buren,  a  distance  in  an  air- 
line of  little  more  than  twenty  miles.  This  gives  the  pene- 
plain's remnant-ridges  on  the  north  of  the  Arkansas  river  a 
very  decided  slope  lengthwise  or  along  their  axes.     In  fact. 


they  soon  rise  up  to  form  the  foot-hills  of  the  Boston  r 
tain,  and  just  where  the  dissected  i»eneplaiii  leaves  off  and  the 
mountain  spurs  begin  to  be  monadriocked  on  it,  is  not  every- 
where easy  of  deteniiination. 

Within  the  Boston  mountain  the  Tcrtiar>-  base-level  is 
hardly  recognizable.  The  valleys  on  the  southern  slope  are 
tut  through  the  interval  between  the  Cretaceous  and  Tertiary 
base-levels  and  far  below  the  latter.  Those  norlli  of  the  di- 
vide are  not  so  deep  and  hardl>'  reach  the  level  of  the  Tertiary 
peneplain.  But  in  emerging  from  the  mountain  on  the  north, 
the  newer  peneplain  is  soon  encountered,  in  one  of  its  most 
typical  and  unmodified  forms,  at  an  average  altitude  of  about 
1,700  feet  A.  T,  Standing  on  a  spur  of  the  Boston  moun- 
tain, one  may  look  northward  for  many  miles  over  a  cmintry 
distinctly  louver  and  apparently  a  regular  plain  upon  which 
rise  the  outliers  of  tlic  Coa!  Measure  strata.  The  plain  is 
pretty  thoroughly  dissected  by  narrow  basins  and  still  nar- 
rower canyon  valleys.  In  places  there  are  long,  narrow,  even 
crested  ridges  as  in  south  Arkansas,  hut  usually  the  drainage 
sj-stems  are  of  a  perfect  dendritic  type,  and  the  ridges  branch 
and  re-branch  like  the  limbs  of  a  tree.  Near  the  White  river, 
the  whole  country-  is  cut  up  into  a  complex  of  vcrj'  narrow 
ridges  and  gorge-like,  V-shaped  valleys,  some  of  which  are  so 
deep  that  the  inierveninj:;  remnants  of  the  strata  arc  called 
mountains;  notably  the  Eureka  mountains  in  Arkansas,  and 
the  Carney  mountains  in  Missouri.  The  same  topography 
prevails  along  the  Osage  river  and,  indeed,  belts  of  such  ex- 
tremely rough  country  follow  all  the  main  streams  in  the 
Ozark  plateau  region. 

That  the  general  upland  surface  from  the  northern  base 
of  the  Boston  mountain  to  the  Missouri  river  represents  one 
and  the  same  dissected  peneplain  needs  no  elaborate  demon- 
stration. Where  the  plateau  is  trenched  by  deep  valleys  and 
even  such  broad  basins  as  that  along  the  White  river  in  Mis- 
souri, the  "mountains"  on  either  hand  correspond  in  hight. 
The  most  broken  portion  of  the  Ozark  plateau,  when  looked  at 
from  a  distance,  appears  like  a  plain  of  remarkable  evenness. 
Along  the  main  divides,  such  as  that  followed  by  the  S.  L.  & 
S.  F.  R.  R.  from  Lebanon  to  the  Boston  mountain,  erosion  has 
not  been  active,  and  the  streams  have  not  cut  deep  valleys  into 
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the  surface.  Here  the  plain-like  character  of  the  country  in 
the  Tertiary  era  has  not  been  destroyed.  The  land  is  gener- 
ally rolling,  and  the  "crest''  gently  ascends  and  descends,  but 
it  is  evident  that  it  is  the  same  plain  which  is  being  followed 
from  end  to  end. 

This  Tertiary  peneplain  descends  very  slowly  from  its 
maximum  of  about  1,700  feet  in  northwestern  Arkansas,  to 
about  1,500  feet  on  the  Pea  ridge,  where  it  is  crossed  by  the 
Missouri  line,  and  thence  to  1,300  feet  near  Springfield  and 
Lebanon.  A  local  uplift  of  no  great  extent  seems  to  elevate 
it  to  about  1.700  feet  at  Cedar  gap  in  Missouri.  The  White 
River  valley  in  Missouri  occupies  a  kind  of  depression  in  the 
surface  of  the  peneplain.  The  same  Tertiary  base-level  is 
represented  by  the  main  ridges  of  the  undulating  plain  about 
Joplin  in  extreme  southwest  Missouri,  at  about  1,000  feet  A. 
T.  It  is  the  same  peneplain  which  forms  the  general  upland 
surface  of  eastern  Kansas.  Thence  southward  through  In- 
dian Territory  it  may  be  traced  around  the  Boston  mountain 
to  the  Tertiary  peneplain  in  the  Arkansas  valley,  thus  escaping 
the  complication  of  the  curious  monocline  on  the  southern 
slope  of  the  Boston  range. 

North  of  the  so-called  "crest"  of  the  Ozarks  in  southern 
Missonri,  the  peneplain  continues  to  descend  gradually,  and 
has  no  greater  elevation  than  about  900  feet  at  Boonville  and 
Jefferson  City  on  the  Missouri  river.  The  highest  hills  in 
the  vicinity  of  both  towns  represent  it.  It  is  much  dissected 
all  along  the  Missouri  river,  but  there  are  enough  remnants 
left  to  demonstrate  that  it  is  present  on  both  sides  of  the  com- 
paratively narrow  valley. 

Ike  Lafayette  base-Icz'el. — In  that  portion  of  the  Ozark 
hjjjhlan'l  which  is  south  of  the  Arkansas  river,  a  large  part  of 
the  surface  has  been  reduced  by  erosion  below  the  main  Ter- 
tiary j*cTJtj/iain  to  a  later  and  relatively  lower  base-leveL  This 
VYirtcirUf:  or  late  Tertiary  cvcle  of  erosion  resulted  in  the  for- 
matK*n  f>f  broad,  s-hallow  basin  valleys  whose  floors  were  once 
quite  flat,  bein^  com|:>osed  of  the  broad  alluvial  plains  of  the 
ittrrani-s  of  ti.ai  jx-riod.  They  are  now  dissected  by  the  canyon 
\iille>*i  fjf  later  aj^e.  and  may  easily  escape  detection  exc^n 
iijKffi  cl'r-.<-  obs*:r\ation.  In  approaching  the  Arkansas  river, 
IlicM-  haMn   va]l<:>  5  become  quite  pronounced,  spreading  out 
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into  undulating  plains  three  to  five  or  more  miles  in  width, 
and  separated  by  the  ridges  which  constitute  the  remnants  of 
the  main  Tertiary  peneplain.  One  of  these  small  peneplains, 
extending  westward  from  Fort  Smith,  is  of  particular  interest. 
for  its  surface  is  sheeted  with  the  gravelly  alluvium  of  the  La- 
fayette formation.  This  fixes  the  age  of  the  completion  of  the 
basin  valleys  as  l^fayette,  and  the  plane  of  their  floor 
throughout  the  Ozark  region  may  be  designated  the  Lafayette 
base-level.  In  the  vicinity  of  Fort  Smith  it  is  about  100  feet 
lower  than  the  main  Tertiary  peneplain,  and  over  all  of  south- 
central  Arkansas  and  east-central  Indian  Territory  it  main- 
tains a  level  75  to  100  feet  below  the  earlier  base-level. 

Between  the  Arkansas  river  and  the  Boston  mountain, 
there  are,  among  the  hills,  certain  depressed  areas  which  seem 
to  represent  the  Lafayette  base-level  at  a  level  about  seventy- 
five  feet  below  the  main  Tertiary  peneplain  as  the  latter  is 
fixed  by  the  general  upland  surface.  In  this  region  the  phys- 
iographic features  are  obscured  because  of  the  abnormal  south- 
ward slope  of  the  country  which  has  especially  favored  post- 
1-afayette  erosion.  But  in  northern  Arkansas,  on  the  Ozark 
plateau,  we  find  the  basin  valleys  well  defined.  All  the  prin- 
cipal streams  flow  in  valleys  which  are  duplex  in  character, 
being  composed  of  a  broad  upper  trough,  beneath  the  floor  of 
which  is  trenched  a  narrow  canyon  valley.  Along  that  portion 
of  the  White  river  which  passes  through  Missouri  there  is  a 
basin  three  to  five  miles  in  width,  trenched  through  the  Lower 
Carboniferous  cherty  limestones  and  well  down  into  the 
dolomytes  of  the  Ozark  series.  Its  floor  is  everywhere  dis- 
sected by  the  canyon  valleys  of  Ozarkian  age.  but  the  main 
hill-tops  seem  to  represent  a  base-level  of  erosion  at  a  level 
between  200  and  300  feet  beneath  the  main  Tertiary  peneplain. 
Passing  up  the  tributary  valleys,  this  base-level  is  represented 
by  persistent  rock-terraces  along  the  valley  sides,  some  of 
which  spread  out  into  benches  of  sufficient  width  to  be  occu- 
pied by  farms.  They  are  especially  noticeable  on  the  War 
Eagle  fork  of  White  river  in  Arkansas,  and  the  James  river 
and  its  tributaries  in  Missouri.  In  this  region,  the  rock-ter- 
race always  occurs  at  about  the  same  level  relative  to  the  main 
Tertiary  peneplain,  namely,  nearly  300  feet  below  it. 

In    the  extremely  broken    and    even    truly    mountainous 
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country  of  the  King's  river  hydrographic  basin  in  Arkansas, 
one  may  stand  on  one  of  the  ridges  of  the  Eureka  mountains 
and  look  far  to  the  eastward  across  a  vast  complex  of  hills. 
Three  base-levels  are  distinctly  noticeable.  The  summits  of 
many  of  the  ridges  form  the  dissected  floors  of  basin  valleys 
often  several  miles  in  width,  and  which  occupy  three-fourths 
of  the  entire  surface.  This  is  the  Lafayette  base-level.  Sev- 
eral hundred  feet  higher,  the  main  upland  ridges  represent  the 
Tertiary  peneplain.  Looking  across  their  summits  the  very 
hilly  country  in  the  far  distance  apparently  merges  into  a 
plain.  The  sky-line  is  even  with  the  exception  that  a  few 
monadnocks  rise  above  the  peneplain.  Some  of  them  are 
cone-shaped,  but  several  are  elongated  into  ridges  whose  crests 
arc  even  and  summits  flat,  suggesting  the  Cretaceous  base- 
level.  In  all  the  Ozark  region,  this  is  one  of  the  most  instruc- 
tive to  the  student  of  physiography. 

The  existence  of  the  basin  valleys,  rock-terraces,  and  de- 
pressed areas  among  the  hills  of  the  entire  Ozark  highland 
country  is  a  fact  which  may  be  verified  by  anyone  who  doubts 
it.  It  is  also  a  fact  that  they  have  their  level  irrespective  of 
the  rocky  structure,  and  that  the  frequent  concurrence  of  the 
floor  of  the  basins  with  the  top  of  centain  formations  is  merely 
fortuitous.  These  basin-floors  and  rock-terraces  often  bevel 
the  edges  of  the  strata,  and  they  may  be  observed  to  pass  from 
one  formation  to  another  without  deformation.  Hence,  there 
is  -every  reason  to  consider  them  to  represent  a  base-level  of 
erosion  distinct  from  and  considerably  later  than  the  main 
Tertiary  peneplain.  In  many  places  from  the  Arkansas  to  the 
Missouri  river,  this  base-level  is  the  site  of  remnants  of  an 
ancient  river  alluvium  containing  a  peculiar  brown  gravel 
which  is  known  to  be  of  Lafayette  age.  The  presence  of  this 
river-gravel  is  corroborative  of  the  Lafayette  age  of  the  base- 
level  as  drawn  from  purely  geomomphologic  evidence. 

The  vicinity  of  the  White  river  appears  to  be  the  region 
in  which  there  is  the  greatest  interval  between  the  main  Ter- 
tiary and  the  Lafayette  base-levels,  here  reaching  a  probable 
maximum  of  300  feet  northward  from  the  "crest  of  the 
Ozarks ;"  in  the  Osage  basin  and  along  the  Missouri  river,  the 
diflPerence  in  level  is  only  about  seventy-five  feet.  In  this  re- 
gion the  duplex  character  of  the  valleys  is  not  so  prominent, 
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but  is  still  noticeable.  Near  Buncetoii,  in  Cooper  county,  La- 
fayette remnants  occur  about  two-thirds  of  the  distance  from 
the  valley  bottoms  to  the  hill-tops.  At  this  level  there  are 
frequently  distinguishable  "shoulders"  or  benches  on  the  hiil- 
slopes,  and  sometimes  there  occur  in  the  valleys  ridges  whose 
tnmcatcd  summits  lie  no  higher  than  the  Lafayette  base-level. 
When  one's  attention  is  once  called  lo  it,  it  is  not  difficult  to 
recognize  the  "trough  within  a  trough"  character  of  these  val- 

In  approaching  the  Osage  river,  the  country  becomes  ex- 
tremely broken.  The  remnants  of  the  Tertiary  peneplain  be- 
come isolated  into  widely  separated  elongated  ridges  and  small 
flat-topped  peaks,  none  of  which  approach  very  closely  to  the 
river.  The  steep,  rocky  ridges  which  bound  the  narrow  and 
very  crooked  canyon  valley  represent,  in  a  very  imperfect  man- 
ner, the  Lafayette  base-level,  here  also  about  seventy-five  feet 
below  the  main  Tertiary  or  "Tennesseean"  base-level.  That 
the  tops  of  these  "river-hills"  actually  represent  a  plane  of 
stream  erosion  is  indicated  by  a  curious  depressed  area  or  val- 
ley among  the  hills  about  four  and  one-half  miles  north  of 
Lime  creek.  Here  tlie  canyon  valley  of  the  Osage  makes  a 
great  bend  to  the  soutliward  and  encloses  a  pen  insula- shaped 
tract  of  upland.  A  considerable  portion  of  one  of  the  higher 
ridges  (a  remnant  of  the  Tertiary  peneplain)  is  cut  off  by 
a  distinct  valley  or  depression  in  the  hills,  having  a  width  of 
about  one  mile,  a  depth  of  seventy-five  feet,  and  steep  slopes 
like  an  ordinary  river  valley,  but  whose  bottom  is  dissected 
by  transverse  ravines  just  as  all  the  remainder  of  the  upland 
is.  This  abandoned  valley  connects  the  basin  valley  above 
the  great  bend  with  that  portion  below  it,  and  during  the 
Lafayette  period  undoubtedly  was  occupied  by  the  Osage 
river.  This  valley,  the  hill-tops  along  tJie  Osage,  and  the 
remnants  of  Lafayette  stream -gravels  in  Cooper  county,  unite 
in  fixing  the  Lafayette  base-level  of  erosion  in  central  Mis- 
souri at  a  level  only  seventy-five  feet  below  the  main  Tertiary 
Ijeneplain,  and  all  that  portion  of  the  valleys  of  greater  depth 
than  this  is  essentially  Ozarkian  in  age. 

In  southwestern  Missouri,  in  Jasper  and  neighboring 
counties,  the  declivity  of  the  streams  is  not  great,  and  the  val- 
leys are  broad  and  without  the  canyon  form  except  very  local- 
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ly  The  Lafayette  base-level  would  be  difficult  to  detect  here, 
were  it  not  that  a  few  remnants  of  the  Lafayette  stream-grav- 
els have  been  found,  notably  near  Duneweg,  about  six  miles 
due  east  of  Joplin.  They  indicate  that  to  Pliocene  erosion  may 
be  charged  the  upper  one-third  of  the  valleys,  thus  placing  the 
Lafayette  base-level  at  fifty  to  seventy-five  feet  beneath  the 
main  Tertiary  peneplain  so  well  represented  by  the  general 
upland  surface.  There  are  rock-terraces  along  Shoal  creek, 
south  of  Joplin,  but  they  seem  of  later  age  than  the  Lafayette. 
A  somewhat  similar  rock-terrace  along  the  Spring  river  in 
Cherokee  county,  Kansas,  is  doubtfully  referred  to  the  same 
category  as  the  terraces  of  James  river  and  Flat  creek  in 
Stone  and  Barry  counties,  Missouri,  known  to  be  of  Layfay- 
ette  age. 

In  short,  that  after  the  completion  of  the  main  Tertiary 
(presumably  Tennesseean)  peneplain,  there  ensued  another 
(and  vastly  shorter)  cycle  of  Tertiary  erosion,  resulting  in  the 
formation  of  a  type  of  valleys  which  have  been  designated 
"basin  valleys,"  because  they  are  broad  and  shallow  and  have 
gently  sloping  sides,  of  supposably  Lafayette  age  in  their  com- 
pletion, may  be  gathered  from  evidence  scattered  all  over  the 
Ozark  highland  region.  This  implies,  beyond  doubt,  an  ele- 
vation of  the  province  in  general  of  an  epeirogenic  character, 
but  also  to  a  slight  extent  orographic,  as  is  indicated  by  the 
250  to  300-foot  depth  of  erosion  in  the  White  River  basin,  in 
place  of  the  normal  seventy-five  to  one  hundred  feet  of  nearly 
the  whole  remaining  portion  of  the  Ozark  region.  It  is  this 
differential  character  of  the  uplift  which  strengthens  the  evi- 
dence. 

Before  closing  this  subject,  I  desire  to  remark  that  the 
same  or  a  like  system  of  basin  valleys  trenched  beneath  the 
main  Tertiary  peneplain  is  a  recognized  feature  of  the  geo- 
morphology  of  northwestern  Illinois  and  contiguous  areas, 
and  are  known  to  me  to  exist  in  the  inter-montane  valleys  of 
Pennsylvania  and  New  Jersey.  May  they  not  be  recognized 
in  the  southern  Appalachian  province,  whose  physiographic 
history  is  otherwise  so  nearly  like  that  of  the  Ozark  province? 

The  Osarkian  valleys. — The  narrow,  crooked  valleys 
trenched  beneath  the  Lafayette  base-level  include  the  erosion 
of  the  Glacial  and  post-Glacial  subdivisions  of  the  Quaternary 
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era,  but  llie  major  portion  of  their  excavation  seems  to  have 
been  aceompHshed  during  that  long,  early  epoch  of  the  Pleisto- 
cene period  marked  by  an  abnormal  elevation  of  perhaps  the 
whole  of  the  North  American  continent,  and  which  has  come 
to  lit'  known  as  the  Ozarkian  epoch  or  siib-pcriod ;  hence,  for 
convaiicnce  in  discussion,  I  shall  refer  to  the  lower  troughs  of 
the  Oxark  highland  as  the  Ozarkian  valleys.  The  canyon-like 
f'lrm  is  a  characteristic  of  them  which  seems  to  be  persistent 
throughout  the  Mississippi  basin,  particularly  on  the  lime- 
stone areas.  It  reaches  its  most  typical  development  in  south- 
central  Missouri,  along  such  streams  as  the  Osage  and  Gas- 
conade rivers  and  their  tributaries.  The  canyon  valleys  of 
this  region  have  been  so  often  described  that  I  will  merelv 
mention  the  facts  that  they  are  steep-sided  troughs  winding 
about  in  the  bottoms  of  the  basin  valleys,  have  frequentiv  a 
mural  precipice  on  one  side  and  a  steep  slope,  strewn  with 
river-gravel,  on  the  other,  and  are  rarely  more  than  several 
times  as  wide  as  the  streams  flowing  into  them.  The  canyon 
valley  of  the  lower  Osage  averages  one-half  mile  in  width  and 
about  150  feet  in  depth.  Nowhere  else  in  the  Ozark  highland 
are  the  Ozarkian  valleys  of  much  greater  depth  than  the  Plio- 
cene basin  valleys.  Throughout  the  northern  slope  of  the 
Ozark  plateau  they  vary  between  loo  and  200  feet  in  depth, 
while  the  upper  troughs  are  but  half  as  deep.  Yet  tlie  latter 
are  several  times  as  wide,  and  from  their  chararter  indicate 
a  much  longer  period  of  erosion. 

On  the  so-called  ".southern  slope  of  the  Ozarks"  in  Mis- 
souri (including  the  WJiite  River  basin),  the  Ozarkian  valleys 
are  essentially  of  the  same  character  as  that  of  the  Osage,  hav- 
ing the  meandering  courses  and  the  mural  percipiccs.  The 
canyon  valley  of  White  river  in  Missouri  is  scarcely  r.OOO  feet 
in  width  and  150  to  200  feet  in  depth.  Winding  about  in  a 
Pliocene  basin  valley  from  three  to  five  miles  in  width  and 
nearly  300  feet  in  depth,  the  contrast  between  them  is  ex- 
tremely marked  and  significant.  Nearly  the  whole  of  the 
James  River  valley  and  tributaries,  such  as  Flat  Creek  valley, 
from  the  main  Tertiary  peneplain  down,  has  the  canyon  form 
and  winding  course,  but  only  the  lower  sixty  to  one  hundred 
feet  is  Ozarkian  iii  age,  the  200  to  300  feet  above  the  rock- 
terraces  being  of  Pliocene  age.     In  short,  in  this  central  por- 


I 


:^g  The    American    Geologist,  Jmumxr,  looi. 

lion  of  the  <  )zark:  plateau,  while  the  Ozarkian  valleys  still  ^yn- 
011  r  in  as  rhararteristic  a  form  and  as  j^eat  a  « levelopment  as 
in  the  O^ac^c  vonntn .  ihey  are  quite  subordinate  to  the  \'alleys 
ai>ovc  the  T^fayrtte  i)ase-level.  I  wish  ui  have  this  fact  «lis- 
rlnrtlv  nnder^tn.xi  <o  that  there  may  he  no  contusion  as  to  the 
..ricrin  ••f  rh<*  t.-rm.  "<  )zarkian.''  It  was  derived  through  the 
fart  ;hat  di»*  '-n^^ion  pnnhicts  «»t  the  loncT  epoch  between  the 
Lafa\ettf  and  :lic  t-arliest  UiaiTial  cptxrh  are  so  well  repre- 
>entt'r|  in  tht-  river  valleys  ni  the  <  .)zark  j>iateau.  i)ut  even  here 
not  all  rhe  valleys  belong::  to  it.  Fn  the  <^zark  hisrhland  south 
of  tht'  Missouri  line,  rhe  Tjzarkian  valleys  arc  comparatively 
insicjniticanr.  and  the  name  would  ]>e  inappropriate,  were  it  not 
for  their  tine  development  in  south  Missouri  on  the  northern 
lialf  of  the  <  )zark  plateau. 

<  >r\  the  War  Rase^le  fork  and  the  main  fork  of  White  river 
in  Arkansas,  the  ( Jzarkian  valleys  :u-e  small  troughs,  twenty- 
to  thirtv  i>r  even  tifty  feet  in  depth  and  several  times  the  \vidth 
of  the  c^mtained  streams,  trenched  beneath  the  tiat  rock-floor 
of  nntrh  laricfer  valleys.  In  he  Boston  mountain  region,  no 
valleys  can  be  pointed  out  as  distinctively  Ozarkian.  altiiough 
the  l»ottr»nis  of  the  deeper  valleys  on  the  southern  slope  must 
reach  nnich  below  the  I^fayette  base-level.  These  valleys  be- 
i(an  tr>  form  at  the  close  of  the  Cretaceous  perio<l.  and  have 
continued  uninterrupted  to  the  present  day.  They  had  not 
l)oen  cut  down  to  a  base-level  bef«>rc  a  new  uplift  ixrcurred  and 
the  base-level  of  erosion  was  again  lowered.  But  no  sooner 
rlo  we  c^o  r^iit  of  the  mountain  region  on  the  south,  where  the 
[.afay(*tte  ba^'- level  l)ecomes  apparent  well  up  in  the  hills, 
when  we  find  that  here  the  Ozarkian  valleys  are  quite  large 
and  rlcep.  being  comparable  with  those  in  Miss<3uri.  As  the 
wbolf  (VMintry  <inks  rapidly  to  the  .Arkansas  river,  these  val- 
leys become  shall<'>wer,  spread  out  to  a  considerable  width,  and 
tinallv  ]}'d<>  into  the  southern  Arkansas  type  of  (Jzarkian  val- 
ley-:, of   wbicb   the  lr>wer  trough  of  the  Arkansas  river  is  a 

\ear  \'an  l»uren  and  P'ort  Smith.  Ark.,  the  highest  hills 
near  tbf  river  ^ about  jac)  feet  alKne  it^  are  remnants  of  the 
main  f  ertiarv  peneplain.  Midway  between  it  and  the  river- 
l<vel.  .\vr  tb<  de|»ressed  area'^.  sometimes  in  terrace  form  and 
<ffTnetinw-  f»a<>iiig  inland  as  gently  rolling  plains  of  solid  rock 
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shcetetl  with  the  Lafayette  gravels,  silt  and  clay  (even  "orange 
sand").  Below  this  level,  the  Arkansas  has  excavated  a  val- 
Ity  probably  tliree  to  five  miles  in  width  and  100  feet  in  depth. 
This  corresponds  to  the  Ozarldan  valleys  of  south  Missouri. 

On  the  eroded  plain  country  south  of  the  Arkansas  river, 
and  in  the  broad  inler-montane  basins  to  as  far  south  as  the 
Rich  mountain,  the  streams  have  cut  comparatively  narrow 
valleys  beneath  tiie  Lafayette  base-level.  These  may  average 
fifty  to  one  hundred  feet  in  depth  and  are  usually  of  sufficient 
width  to  afford  room  for  long,  narrow  farms  on  their  flat  bot- 
toms. Their  sides  are  steep,  but  mural  precipices  arc  rare. 
Thcj'  are  canyon  valleys  in  distinction  from  the  basin  valley.s 
above,  but  have  the  canyon  form  less  typically  than  in  -south 
Missouri.  In  Polk  county,  which  is  on  the  divide  l»etwre"  the 
Arkansas  and  Red  river  drainage  systems  and  erosion  is  not 
active,  the  canyon  valleys  arc  hardly  represented  at  all,  the 
streams  flowing  in  .shallow  depressions  or  "hollows"  on  the 
peneplain.  Indeed,  throughout  the  Ozark  highlaiul  south  of 
the  Arkansas  river  post -Lafayette  erosion  ha.s  been  insignifi- 
cant in  results  attained,  and  one  almost  refuses  to  believe  that 
the  sliallow  post-Tertiary  valleys  of  that  region  are  the  equiv- 
alents of  the  deep  valleys  of  the  Ozark  plateau  and  the  upper 
Missi.ssippi  regions. 

The  Modern  valleys  of  central  Arkansas. — L'nder  this 
heading  are  to  be  discussed  certain  small  canyons  occurring 
along  streams  tributary  to  the  Arkansas  river  in  central  Arkan- 
sas, and  which  belong  to  a  system,  it  is  beleved,  not  hereto- 
fore identified  and  defined  in  any  other  portion  of  the  Missis- 
sippi hydrographic  basin.  That  of  the  Little  Cedar  creek. 
northeast  of  Van  Buren,  was  the  most  typical  one  observed. 
and  a  description  of  it  may  serve  for  all.  The  rock  formation 
is  a  thin-bedded,  calcareous  shale  of  the  Coal  Measure  series, 
dipping  at  a  low  angle  but  quite  perceptibly  toward  the  south. 
In  this  the  creek  has  excavated  quite  a  large  '  >zarkian  valley, 
with  steep  sides  and  a  flat  rock-floor  one-eighth  to  one-quarter 
mile  in  width.  This  rock-floor  is  very  oven  and  is  sheeted 
with  a  few  feet  of  sflty  alluvium.  It  bevels  the  edges  of  the 
outcropping  shales,  which  dip  down  stream. 

Now,  the  Little  Cedar  no  longer  flows  over  ihis  old  val- 
ley floor,  but  in  a  tiny  canyon,  mostly  twenty  to  thirty  feet  in 
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pie»;Wi<l5iuJ:*r  >^^.T;«'.'ta  a^^.^^  irxjrx  liit  Tockr  saiaa  ant 
&r4i»ri  ^vpr/tit^J  k<yyvii7t^  tha*.  simcinre  bas  bac  iiirtiHiig  iz>  dD 
^i$r  Si^,  *:xi.^i^tfj:  <j:  *iUVi  canvor.  ir.  the  tozxac:  of  ibc  xasdv 
kbrger  O'zarksatr,  '^aJ^r.  ab>mt.  it  ha^  tiKr  appeazanoe  m  ex- 
*?-«!»:  ^v.^it-\  '/:  ir#'.^r;#ii<^. .  it  b  cr^j&i«i  b?"  7Dck-4cdgcs  over 
«rtoiicr.  thit  *^r«3WT.  '4i*cao*:*,  and  is  obstructed  by  iax]gc  blods 
ffiffj^r.  iiriav^,  lali^rr^  fr^isr:  the  i^-alis.  There  if  a  ircsfancss,  a 
*'/tftirjj£jiry5»A  aUni!  Jt  which  I  have  onlv  observed  faerdDKire 
ii;  yj^^-^ jtitf.x^  VKk  valley t  in  the  Wisconsin  drift  area. 

'Vun  fv^mt  ';any/n  of  prrAaiAy  Modem  age  (it  is  form- 
tttjr  uyia//  K^^'^-  '-^^  before  the  Arkansas  river  is  reached.  It 
u  a  itsixuu:  excluwveJv  of  the  middle  course  of  the  Little  Ce- 
dar  ^  and  bimilar  creeks  flowing  down  from  tlie  Boston  moon- 
tain;,  'ilie  btnooth  valley  floor  above  it  conld  ixit  hare  been 
foniied  while  the  stream  had  its  present  rapid  rate  of  descent. 
'J 'his  indicates  a  tilting  of  the  valley  toward  the  Arkansas 
river.  'Jliib,  with  the  presence  of  the  canyon,  postulates  a  vcr>' 
recent  diflferential  uplift  of  the  Boston  mountain  region.  It 
will  be  reinetn)>ered  that  earlier  in  this  discussion  we  found  a 
refnarkable    nv-»nfjcline    in    the   main    Tertiarv   base-level   be- 

m 

twe*;!i  t}it  Vjt/iAfm  m^Aintain  and  the  Arkansas  river.  The  La- 
fav'^^r*,  liase-level  partakes  in  this  unusual  deformation  almost 
*.<>  ♦?.'•  '.>.*: J'  '-xtent  as  the  Tennesseean.  It  was  probably  dur- 
:r:$<  -':/  '^jirlv  j/art  of  the  Quatemar>-  era  that  this  abnormal 
i*o»>  \-\-^  rr;kin]y  pr^xluced,  but  the  testimony  of  the  tiny  rock- 
^^r.y.r.-i  ^f  Mci^Urn  a^e  indicates  that  a  movement  of  a  similar 
•'.:i::;r-'  ■  ?<-  ■'>r.-urr('f\  in  very  recent  times  and  may  be  in  prog- 
••*4*;  '.vIh.  Certain  fKciiliarities  in  the  streams  of  southern 
J«,\^'.:'  r<n<|  ri.o  fact  that  there  has  l^een  a  wholesale  change 
n  :•..»  :,»;iri-^  .',f  rmori^^enco  of  tlic  springs  in  times  very,  very 
'».',» 't  ..r.v  *..,;  :;-.r'  to  iK'litvo  in  a  i)ronounced  uplift  of  the 
i-'wj*.  '/,-v  •,!:i:.;h!i  in  tile  Modern  cpocli  (if  it  is  not  in 
.f  ff  .  ../••,  «ii,i  i„,A  tlu'^r  modem  canvons  of  west-cen- 
*i  ••     •        •  .    '..  '.:/l:t  t'»  <<>rr(»lM>rate  tlie  idea,  at  least  is 

,•  /    r  ■■  .  •;il;/;iii/,ns  Oil  thc  histor}'  of  the  pby^ 
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iographic  development  of  the  Ozark  highland,  may  be  briefly 
summarized  as  follows: 

1.  The  entire  region  was  reduced  by  subaerial  erosion  to 
base-level,  forming  the  Cretaceous  peneplain. 

2.  A  great  dome-shaped  uplift  was  instituted  over  the 
^ilt-  of  the  southern  two-thirds  of  the  present  O^ark  hijibland. 
The  amount  of  elevation  was  1,200  to  1,500  feet  in  west-cen 
tral  Arkansas.  500  feet  in  tlie  Boston  mountain  region,  roo 
feet  along  the  Missouri-Arkansas  liTie  near  Eureka  Springs, 
and  nothing  from  the  "crest  of  the  Ozarks"  north.  The  long 
Tertiarj-  cycle  of  erosion  again  Rase-leveled  this  region,  fonn- 
iug  the  main  Tertiary  or  "Tennessccan"  peneplain,  except  that 
residuals  were  left  in  the  Ouachita  and  Boston  mountains. 

3.  An  uplift,  general  throughout  the  Ozarks,  of  seventy- 
five  to  one  hundred  feet,  increasing  to  390  feet  in  the  White 
River  country,  enabled  a  Pliocene  cycle  of  erosion  to  excavate 
the  broad  basin  valleys  and  reduce  much  of  the  country  to  a 
new  hase-level.  The  close  of  this  cycle  of  erosion  was  con- 
temporaneous with  the  end  of  deposition  of  the  Lafayette  for- 
mation in  the  Mississippi  emluyment  region. 

4.  Another  general  uplift,  insignificant  in  amount  south 
of  the  Arkansas  river,  but  increasing  to  a  maximum  of  at  least 
several  hundreii  feet  in  southern  Missouri,  enabled  the  streams 
to  excavate  the  canyon  valleys  of  (Jzarkian  age. 

5.  An  undoubted  local  uplift  of  the  Boston  mountains 
and  contiguous  areas  in  the  Modern  epoch.  As  most  of  the 
Ozark  highland  is  far  above  a  base-level,  it  may  be  presumed 
that  the  late  Quaternary  elevation  has  been  quite  general,  but 
has  occurred  so  recently,  geologically  speaking,  that  only  in  a 
few  limited  areas  are  its  effects  as  yet  noticeable. 

Xov.  15,  1899. 


CORRESPONDENCE. 

Troost's  Suhvev  of  PHitADELPHiA.  Apropos  of  Dr.  Merrill's  in- 
teresting communication  in  the  December  number  of  tbii  journal  I 
ticg  to  call  attention  (o  the  fact  that,  safely  housed  in  the  library  of 
the  Academy  of  Science  of  Philadelphia  along  with  other  bibliograph- 
ical treasures.  15  a  copy  of  Dr.  Gerard  Troost's  Survey  of  the  environs 
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of  Philadelphia.  It  is  apparently  a  direct  counterpart  of  the  work 
noted  by  Dr.  Merrill.  It  is  somewhat  remarkable  that  Lea  or  Conrad, 
should  have  been  unaware  of  the  volume  in  question  and  that  the 
Marcous  should  have  been  unable  to  record  it.s  occurrence.  Recently  ^ 
Philadelphia  bookseller  oflFered  a  copy  for  sale.  In  regard  to  the  Ger- 
man title  mentioned  by  the  Marcous,  it  may  refer  to  a  compilation  on 
the  geology  and  mineralogy  of  North  America  issued  in  Hamburg 
about  1827,  to  which  Dr.  Troost  among  others  contributed.  As  far 
as  I  know  this  publication  contained  no  map. 

S.  Harhert  Hamilton. 

New  York  Academy  of  Sciences,  Section  of  Geoi^ogy  and  Min- 
KRA^XK.v,  October  15,  1900.  The  following  notes  on  the  results  of  the 
summer's  work  by  members  were  presented: 

Mr.  Gilbert  van  Ixc.en  described  the  work  of  the  party  belonging 
to  the  Geological  Survey  of  New  Jersey,  which,  during  the  past  two 
summers,  has  been  engaged  in  tracing  the  outcrops  of  the  palaeozoic 
formations  of  northwestern  New  Jersey,  and  collecting  fossils.  Of 
this  party,  Mr.  Kiimmel,  the  assistant  state  geologist,  traces  the  bound- 
aries and  works  out  the  tectonics,  while  Dr.  Weller,  of  the  University 
of  Chicago,  collects  fossils  at  localities  indicated  by  Mr.  Kiimmel. 
During  July,  Mr.  van  Ingen  spent  a  week  with  this  party  in  the  field 
at  Newton.  Newton  is  situated  on  the  shales  of  the  Trenton  group, 
there  extensively  quarried  for  slates.  To  the  east  is  a  low  ridge  of 
limestone  which  presents  the  same  appearance  as  the  Bamagat  lime- 
stone along  the  Hudson  river.  The  upper  part  of  this  limestone  has 
yielded  trilobites,  probably  Dikclocephalus,  indicating  that  this  por- 
tion is  of  upper  Cambrian  age.  At  other  localities  a  trilobite  de- 
scribed by  WelFer  as  Liostracus  jerseyensis,  shows  that  the  rock  there 
is  also  Cambrian — probably  of  the  middle  or  upper  division.  In  the 
vicinity  of  Franklin  Furnace  good  specimens  of  OUnellus  cf.  thomp- 
.loni  were  found  at  localities  described  by  Foerste.  Further  to  the 
east  of  Newton,  on  the  other  side  of  the  Cambrian  ridge,  is  a  wide 
belt  of  Ordovician  rocks, — Trenton  limestone  overlaid  by  a  thick 
series  of  shales.  The  limestone  contains  the  typical  Trenton  fauna, — 
Kafinesquin,  PlectamboniteSf  Ptcrygomctopus  etc., — and  is  very  much 
like  that  found  at  Rosetown,  Ulster  Co.,  and  at  Rochdale,  Duchess 
Co..  N.  Y.  The  shale  has  few  fossiliferous  beds,  but  occasionally  one 
of  the  more  sandy  layers  contains  Dalmanclla  tcstudinaria,  Plectam- 
bonites  and  RaAnesquina,  the  same  combination  found  in  the  Hudson 
shales  at  Poughkeepsic,  and  at  Rondout.  At  one  locality  was  found 
a  faima  with  Am  pyx  and  flarpcs.  In  eastern  New  York  these  genera 
of  trilobites  are  found  only  in  the  Chazy  limestone,  and  the  discovery 
is  of  great  interest  in  that  it  indicates  the  presence  of  this  formation 
at  a  distance  of  almost  250  miles  south  of  what  has  hitherto  been 
recognized  as  its  southern  limit.  Further  to  the  northwest,  along  the 
Delaware  river,  were  found  the  Silurian  and  lower  Devonian  forma- 
tions. The  finest  section  is  seen  in  the  face  of  the  cliff  of  the  old 
Xcarpass  quarry,   alK^ut  five  miles   south  of  Tri-states  where  all   the 
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formations  from  the  upper  Ordovician  to  the  Esopus  shale  of  the 
lower  Devonian  appear,  with  numerous  fossils.  At  Otisville  the 
Shawangunk  grit  is  finely  exposed  in  a  large  quarry.  All  the  evi- 
dence at  hand  points  to  the  conclusion  that  this  formation,  of  a  thick- 
ness of  at  least  a  thousand  feet^  was  formed  as  a  flood  plain  deposit. 
Its  characteristics,  except  color,  are  the  same  as  the  New  Jersey  and 
Connecticut  valley  Jurassic  sandstones.  Ripplemarks,  sun-cracks,  cross- 
bedding,  channel-fillings  etc.,  are  abundant.  In  the  railroad  cut  west 
of  Otisville  the  grit  lies  upon  the  Hudson  shales,  with  coincident  dip. 
On  the  contact  there  occurs  a  few  inches  of  clay,  next  to  the  shale 
is  quite  free  from  pebbles,  while  next  the  grit  it  is  filled  with  quartz 
pebbles.  This  was  interpreted  to  be  residual  clay  caused  by  the  de- 
composition of  the  shale,  through  sub-aerial  agencies,  before  it  be- 
came covered  by  the  grit.  The  old  notions  regarding  rock  formation 
required  the  presence  of  a  body  of  water  in  which  the  sediments 
might  be  deposited.  Several  of  the  geological  subdivisions  showed 
characters  which  would  not  have  been  present  had  these  formations 
been  laid  down  under  water,  for  this  mode  of  origin  results  in  a 
sorting  of  the  rock-forming  materials,  and  no  sorting  is  detected  in 
these  grits.  Flood  plain  deposits  arc  very  irregular,  both  as  to  strati- 
fication and  sorting  of  materials,  and  these  features  are  well  exhibited 
in  the  grits.  Other  formations  that  arc  probably  flood-plain  dcptjsits 
are  parts  of  the  Potsdam  sandstone  in  eastern  New  York,  the  Medina 
sandstone,  the  sandstones  of  the  Catskill  group,  and  many  of  the 
sandstones  of  the  coal  mesures  of  Pennsylvania  and  the  Mississippi 
valley — in  fact  the  geater  part  of  the  "barren  measures." 

Dr.  Theodore  G.  White  described  his  detailed  study  of  the  faunas 
of  successive  strata  of  the  Lowern  Ordovician  in  the  Glens  Falls.  X.  V.. 
section,  and  their  relations  to  similar  studies  along  the  lake  Cham- 
plain  valley  to  the  north,  and  the  Mohawk  and  Black  River  valleys 
to  the  west.  The  section  forms  a  low  ahticline  along  the  shore  of 
the  Hudson.  At  the  base  is  seen  the  Calciferous  sandrock,  con- 
taining Ophilcia  and  fucoids.  Conformable  upon  this  is  a  layer  a 
few  inches  thick,  of  barren  black  shale,  which  is  very  much  crushed, 
and  then  the  same  beds  of  the  ostracod,  Lepcrditia,  and  their  asso- 
ciated corals  and  peculiar  forms  of  Strophomena,  as  have  been  found 
in  the  lowest  Black  River  zones  on  Button  island  in  lake  Champlain. 
The  zones  of  Parastrophia  and  Triplcsia  occuring  near  this  portion 
of  the  series  in  localities  to  the  north  and  west,  were  not  found  here. 
The  succeeding  coral  beds  of  Columnoria  were  well  developed.  Above 
these  are  the  cross  bedded  gray  beds,  which  in  some  recent  report 
have  been  considered  to  represent  the  Birdseye  limestone,  which 
seems  to  be  lacking  in  this  locality,  unless  met  with  at  this  unex- 
pectedly high  position.  The  upper  portion  of  the  section,  which  is  of 
lower  Trenton  age,  shows  no  unusual  forms.  The  tendency  of  the 
lowest  and  the  uppermost  portions  of  the  Ordovician  sections  in  the 
region  to  wear  away  and  appear  wanting,  owing  to  their  prevailing: 
softness,  was  commented  on. 
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Dfi.  Hbkuv  ^>.  W.^SHIN'UTON  read  a  paper  an  'The.  State  of  Lake 
WinnepesaulMc,  X.  H./'  »R  ^  preJiminary  report  on  work  done  bf 
Prv\t.  Pfrss«)ti  and  himself  (\n  mount  Bdknap  and  Bad  liilL  nor 
iatns  Winnepesaukee,  ^.  H.  The  mcks  of  mount  BeilmBg  are  afaown 
to  hi*  pmmmently  a  (yaite.  uniform  alkali  ayenyte;  winch  m  cot  br 
many  dikes  (\i  camplnnyte  and  allied  rocks,  and  of  bortDnytBa^  apLytBi 
ind  ;3P«nytiR  porphyries.  These  dikes  also  cut  the  smmnndins  por- 
;)hyr:hr,  djieim.  Ar  one  place,  near  the  bordee;  ifr  a  ni8fi»  o£  hoac 
itonitUi^de-tiahhro.  with  large  poikilidc  phenocrysta  of  ftmiPit  honi- 
:iii*tidi*.  \  {y«myfiA  hn^rcia  also  ivxitrs.  At  Btet  hiU  aimilar  sfenyte,, 
:'i\rui*riy  'ii>.'a*rihed  hy  W.  S.  Bay  fey.  occurs  on  the  ^muniiy  wftflc  to- 
vtir<(  The  pi*riphery.  nepheline  appears  as  a  consdtiugit;.  and  a  tme 
rV.yuV^**  ix  <i<*V4*|i-kped.  The  massif  is  also  cut  by  dikes.  boA  cam^ 
r*'.ntnf.  ;md  tytmiritr.  The  rinpnn  Ih  tn  conn  die  :Mifaj«£ct  of  a  pctro- 
ar.ipitic  tnidy  l^y  rhe  rwi)  jieoicfpst^  in  the  near  fncnrc. 

v^^iVtsMfA  DA.-«nB.  S.  Mxxrnr  described  a  vist  wbkh  be  psid  to 
r\\A  rwtwd  mineral   Irreality  at  Haddam,   Xaias,  dtaria^  tike 
f^f4«.    di^ti'Tihed    the   manner   in    which    die   rhnirrst 
f!ti»r<».  m  ^<»mH  ^A  aihitic  pegmatyte,  with  tsonrmaliae;  iBBSCOfifee  and 
'■iisejrr/  alr^n^f  fhe  cu'intact  with  die  wall  of 


-i>,r.j|f  rk«»  <'i'*nra*?'.t  afft  often  two  itxt  vn.  diameter. 

fjtt.  A  A  J'r:xxft':r  tn  bi.i  paper  *Tbe  Geolocj  oi  Central  Cape  Cod." 
f*- r.*rm4^^  rh^  c>pi'nii'm.4  of  Mitr.h<^u  Da.^.  Sbaler  and  odicrs  on  the 
%*-f*/jKJ  ^'^  ^^^-  Ann,  with  e:ipecUI  reference  to  the  district  from  Chat- 
ham t/>  Varm/yrrth  In  th«  itratzfled  deposits  of  sands  and  gravels 
which  underlie  \Y.f.  f>Iarn«  iocth  of  the  tooraitial  "back4xMie''  of  the 
ca(xr,  the  m/>r«  fr^r:«nt  intercalatioc  of  cIaT«  was  pointed  cot,  and 
their  occa&ional  dMt'jrl>ance  and  fiextzre.  Seriated  pdMes,  although 
niucli  water-worn,  are  qu:te  largelr  interspersed.  The  discovery  of 
true  glacial  silt  at  <ome  depth,  in  one  locality,  indicates  that  the  ice- 
sheet  there  rested,  instead  of  floating.  The  kettle-shaped  hollows  and 
pond-hasins  were  shown  by  the  speaker  to  be  largely  connected  with 
the  <iainniiiig  of  surface  streams,  and  some  observations  on  the  pre- 
Klarial  drainage  valleys  and  topography  were  discussed.  The  identi- 
fjiation    <ti    certain    tTan>iKirtcd    fragments    of    quartz-porphyry    with 

'•>t<  rop*t  of  the  .same  near  Marblehead  indicates  a  pre-gladal  movement 
•  •'/?■»  N  \V.  !i>  S.  S.  E.  Ti>  the  titteen  changes  of  level  which  have 
'.^»-j.  rr*nriird,  a  final  small  elevation  probably  should  be  added,  jndg- 

•^  h'.'.ux  \\\v  low  terrace  along  this  part  of  the  coast.    Examples  of 

■  .r  '.  rti,<|  iirliMcN  were  exhibited  and  provoked  considerable  dis- 
•\::  -. •    .r.-'.t.iir  ihn.r  pfoeiit.  as  to  tlic  oHgin  of  these  pebbles. 

'•K.i  i':  iMHi  I!  l)ni»«.r  recounted  his  pleasure  in  visiting  the 
••jf.'V  ■■  ■  *  *■  '  -.'"f-i'lo  canyon,  during  the  past  summer,  in  company 
»*j-:  «  v.",'  .r..l  f.r.diiu:  tlir  physiography  so  graphically  illnstrated 
•t  '-..1  • ,  ti  ■  /  .:.  F'. .'Arir,  lep^^rts.  to  l>e  a  most  faithful  and  non- 
inup-t-      .  '   .  .  i!    '.!    ilu     fe.itnri'S    themselves.       He  then   dc- 

»«.'ii/t-;  /      ■  if:i;.lr .    Ml*   pi^antic   goo-physical   results   seen 

•I    Mit  •-..     <  J   ..  .  ::t  r    th.   ^if.iTuI  L'anvon  itself  and  the  Kaibab 
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plateau  and  its  faults.    He  also  described  the  appearance  of  the  great 
basin  of  "Lake  Bonneville." 

Remarks  on  foreign  localities  visited  during  the  summer,  were 
made  by  Prof.  J.  J.  Stevenson  and  Dr.  E.  O.  Hovey. 

Theodore  G.  White, 

Secretary. 

A  Single  Occubsence  of  GLAaATioN  in  Siberia.  During  three  sea- 
sons' professional  work  in  Siberia  I  have  been  constantly  on  the  out- 
look for  signs  of  glaciation.  It  seems  almost  an  anomaly  that  in  a 
country  covered  for  fully  half  the  year  with  snow  and  ice,  there 
should  be  found  no  glacial  remains.  Yet  such  is  the  case,  in  the  great 
majority  of  instances.  In  European  Russia,  north  of  latitude  63  de- 
grees, glacial  drift,  moraines  and  drumlins,  have  been  found  by  the 
Russian  geologists,  as  indicated  on  their  maps,  although  specific  ref- 
erences to  their  discoveries  are  rare.  So  far  as  is  known  the  glacial 
indications  do  not  extend  over  into  the  great  northern  plain  of  Si- 
beria. The  numerous  lakes  scattered  throughout,  not  only  the  Ural, 
but  the  whole  of  west  and  central  Siberia  have  b^en  sometimes 
referred  to  as  of  glacial  origin.  A  little  close  observation  of  these 
bodies  of  water  is,  however,  suJ9icient  to  convince  anyone  that  their 
origin  is  due  to  a  different  cause. 

In  the  •  Steppe  region,  lying  to  the  south  of  the  Trans-Siberian 
railway,  and  extending  from  the  Ural  eastward  for  many  thousand 
miles,  until  it  merges  with  the  Great  Gobi  desert,  there  are  numer- 
ous topographic  features,  which  would,  by  a  hasty  observer,  be  laid 
to  glacial  origin.  Small  mound-like  hills,  frequently  beautiful  in 
their  dome-like  symmetry,  lie  scattered,  over  the  treeless  undulating 
plain.  I  have  been  led  a  mile  or  more  off  my  route,  by  a  desire  to 
examine  closely  such  occurrences.  In  every  case  they  have  proved  to 
be  merely  curious  forms  assumed  by  the  rock  itself  in  process  of 
erosion.  In  this  same  region  of  the  Steppe,  the  presence  of  numerous 
lakes  helps  to  bear  out  the  deception,  but  when  it  is  found  that  these 
arc  merely  the  remnants  of  former  and  greater  lakes,  many  of  them 
being  salt  at  the  present  day,  and  that  they  have  not  been  dammed, 
but  merely  occupy  depressions  in  the  gently  rolling  prairie,  the 
glacial  supposition  must  of  course  be  abandoned.  The  Caspian  is  the 
most  tremendous  example  of  this  kind,  then  come  the  Aral  sea  and 
the  Balkash  lake.  In  the  case  of  lake  Shcero,  200  miles  to  the  west 
of  Minnisinsk,  I  noted,  surrounding  it  successively,  at  various  hights 
"P  to  75  feet,  rings  or  old  shore-benches,  each  marking  a  stage  of  the 
lake's  history.  So  gradual  are  the  slopes  in  the  Steppe  that  the  last 
and  highest  of  these  rings  was  at  least  three  miles  away  from  the 
present  water's  edge. 

In  a  valley  of  the  Altai  mountains,  on  the  head  waters  of  the  Tom 
river,  there  was  a  most  remarkable  case  of  pseudo-glacial  topography. 
While  riding  up  the  center  of  the  valley,  I  saw,  making  off  from  the 
steep  side  of  the  mountain,  what  appeared  to  be  a  glacial  esker.  It 
was  perhaps  5C0  ft.  long,  40  ft.  in  hight.  with  a  width  of  60  ft.  and 
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possessed  the  rounded,  ridge-like  summit  characteristic  of  this  spe- 
cies of  glacial  topography.  Its  side  had  been  broken  away,  and  from 
the  distance,  about  600  ft.  at  which  I  saw  it,  the  appearance  was  that 
of  sand.  Such  a  phenomenon  in  a  region  in  which  I  had  looked  in 
vain  for  glacial  signs  was  a  novel  and  startling  one,  and  I  hurried  to- 
ward it  to  make  sure.  In  truth  the  material  of  which  it  was  composed 
was  sand,  and  I  could  bury  my  pick  to  the  handle  end  in  it,  but  alas 
it  was  a  fine  even  grained  dioritic  greisen,  nothing  else.  It  was  in  it- 
self a  remarkable  form  of  dike  weathering  and  interesting  on  that  ac- 
count, but  as  regards  glaciation  it  was  only  another  of  the  negative 
signs  of  which  I  had  accumulated  an  extensive  category. 

The  Bazaika  Creek  valley,  about  15  miles  to  the  southeast  of 
Krasnoyarsk,  and  across  the  Yenesei  river  from  that  city,  furnished 
the  only  evidence  of  a  fair  sized  glaciated  area  of  a  former  age  w^hich 
I  have  seen. 

Here  is  an  area  of  100  square  miles  or  so,  enclosed  by  4iigh  rock 
walls  of  granite,  and  sedimentarics,  in  which,  although  of  purely  lo- 
cal origin,  and  confined  to  local  effects,  glacial  conditions  have  ob- 
tained. Drumlins  of  most  perfect  form  may  be  found  in  the  bottom 
of  the  valley,  near  the  Bazaika  creek  and  they  extend  up  to  a  hight  of 
600  or  700  feet  on  the  side  of  the  mountain.  The  glacial  cirque  topog- 
raphy, so  common  in  the  high  Rockies,  has  here  its  development  oii 
a  very  large  scale  on  one  side  of  the  valley,  in  such  a  manner  that  a 
large  amphitheatre  is  formed,  along  which  the  creek  makes  its  way  for 
a  distance  of  ten  miles.  At  the  upper  end  of  this  stream,  some  sixty 
miles  from  its  junction  with  the  Yenesei,  it  is  evident  that  a  glacier 
must  have  existed  whose  detritus  now  encumbers  the  valley.  Near 
the  village  at  the  base  of  the  valley,  inside  a  long  spur  of  limestone 
which  separates  the  creek  from  the  Yenesei.  lies  on  one  side  a  beauti- 
fully bedded  saiid-plain,  now  nearly  cut  through  in  section  by  the 
stream  itself.  Such  occurrences  as  this  are  too  rare  in  Siberia  not  to 
attract  attention,  and  although  I  was  unable  to  find  confirmatory  evi- 
dence in  the  form  of  scratched  pebbles,  and  am  therefore  open  to  the 
charge  of  assertion  on  non-conclusive  evidence,  yet  so  unusual  an  oc- 
currence in  Siberia,  a  non-glacial  country,  deserves  a  mention. 

In  the  high  Altai  the  cirques  at  the  head  of  the  valleys,  such  as 
occur  in  Colorado,  due  to  present  freezing,  melting  and  refreezing  con- 
ditions, are  common  and  may  of  course  be  called  minute  results  of  local 
glaciation.  Present  glaciers  exist  also  in  the  Altai  on  the  head  streams 
of  the  Irtish  river,  near  the  Mongolian  border.  They  occur,  however, 
in  mountain  valleys,  as  in  Switzerland,  at  hights  of  10,000  feet,  and 
are  purely  local  in  their   effects. 

In  east  Siberia,  the  gold-placer  industry  has  led  to  a  considerable 
study  being  made  of  the  gravels  which  there  encumber  the  valleys  to 
depths  varying  from  10  to  150  feet.  Their  subangular  character  has 
led  some  observers  to  refer  their  presence  to  transportation  by  glaci- 
ers. From  my  own  observations  on  the  gravels  they  do  not  appear  to 
me  to  have  come  from   foreign   sources.     Their  material   can  always 
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be  traced  directly  to  the  immediately  enclosing  hills.  In  no  case  have 
I  ever  found  a  scratched  surface.  The  gravels  are  merely  immense 
quantities  of  rubbish  which  have  slid  into  the  valleys  when  the  moun- 
tains were  of  greater  hight,  have  become  covered  in  a  comparatively 
short  time  with  a  carpet  of  turf  and  peat,  due  to  the  constant  periodic 
growth  and  rotting  of  the  almost  tropical  Siberian  vegetation,  and  have 
thus  lain  there  undisturbed,  the  gentle  grades  of  the  present  streams 
not  being  sufficient  to  clear  the  valleys  of  tliese  masses  of  detritus. 
Under  any  other  than  Siberian  conditions,  perhaps  such  thick  beds  of 
sub-angular  and  even  angular  irregularly  disposed  gravels  might  not 
be  possible.  A  discussion  of  these  conditions  is.  however,  one  that 
may  be  prolonged  to  a  considerable  length,  and  properly  forms  the  sub- 
ject for  separate  consideration. 

Berlin,  October,  1^00.  Chester  Wells  Plkingtox. 


REVffiW  OF  RECENT  GEOLOGICAL 

LITERATURE. 


Ucber  Aulacamcrella    ein    neucs  Brachiopodcngcschecht:    von  Fried- 
rich  Baron  Hovningen-Huene  (Verhandlungen  der  Kaiserlischen 
Russischcn   Mineralogischen  Gesellschaft  zu   Petersburg.     Zweite 
(Serie.    Band  xxxviii.  No.  i.) 
On  the  ventral  valves  of  two  species  of  brachiopods  from  the  higher 
Lower  Silurian  (Ordovicean)  of  the  Baltic  provinces  Baron  Huene  has 
founded  the  above  genus  with  the  following  diagnosis:     Ventral  valve 
more  or  less  convex,  smooth  or  concentrically  longitudinal,  keel-like 
median  fold.    Beak  almost  entirely  atrophied.  Pedicle  opening  unknown. 
Inside  there  is  a  large  triangular  platform,  without  median  support,  con- 
nected at  the  sides  with  the  shell.    Hinge  border  slightly  raised ;  hinge 
teeth  rudimentary  or  lacking.     Dorsal  valve  unknown,  apparently  flat 
or  concave.    Two  species  are  known.    The  most  remarkable  peculiarity 
of  this  genus  is  the  large  even  platform,  with  a  concave  space  under- 
neath.    In  this   connection  comparisons  are   made  with  Merista    (?) 
cymbula  Day,  and  for  the  medium  plate  or  septum  with  Orthisina  (Clit- 
ambonites)  diversa  Shaler.    Comparisons  are  also  made  with  Camarclla 
and  Syntrophia. 

Five  figures  in  the  text  and  a  plate  of  figures  of  the  two  species  of 
the  new  genus  are  given.  c.  f.  m. 

Suf'pletnent  zu  der  heschreibung  der  SiluriscJien  Craniaden  der  Ost- 
seelander.  By  the  same  author  and  published  with  the  former 
article. 

This  is  a  continuation  of  Baron  Huene's  work  on  the  Craniadse 
whi#li  appeared  about  a  year  ago  and  was  reviewed  in  this  journal.  In 
this  arc  described  a  number  of  new  species,  Pholadops,  one  species, 
Philhedra,  five  species,   (and  notes  on  two  others  already  described), 
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Eleutherocrania  (new  mut.))  Pseudocrania,  notes  on  six  species  al- 
ready described.  Pseudometoptoma,  notes  on  two  species  already  des- 
cribed. 

A  table  of  the  vertical  and  horizontal  distribution  of  the  forms  of 
this  family  is  given  and  following  this  some  interesting  remarks  on  the 
systematic  place  of  Pholadops.  A  few  paragraphs  also  are  devoted  to 
the  changes  which  occurred  in  Philhedra  from  its  first  appearance  un- 
til it  gave  place  to  Craniella  and  Eleutherocrania  in  the  Horizon  F.  2. 

There  are  six  text  figures  and  three  plates  in  illustration  of  the 
species  treated  of  in  this  article,  which  add  materially  to  its  value. 

G.   F.    M. 

A  text-book  of  important  minerals  and  rocks,  with  tables  for  the  de- 
termination of  minerals.  By  S.  E.  Tillman.  Octavo,  pp.  176,  $2.00. 
John  Wiley  and  Sons,  New  York,  1900. 

After  a  brief  account  of  the  crystal  systems,  and  of  the  common  phy- 
sical and  chemical  properties  of  minerals,  the  author  gives  brief  gen- 
eral descriptions  of  eighty-seven  minerals  or  groups  of  minerals,  especi- 
ally adapted  to  amateurs  and  economic  mineralogists.  Each  mineral 
description  is  followed  by  a  statement  of  the  uses  and  localities  where 
the  mineral  is  most  abundantly  found.  The  tables  for  the  determina- 
tion of  minerals  are  compact  and  handy,  the  primary  divisions  being 
based  on  color.  They  provide  for  the  discrimination  of  135  species. 
Part  II.  is  devoted  to  a  condensed  description  of  common  rocks.  The 
work  is  adapted  to  an  elementary  course  in  mineralogy  in  schools  and 
academies.    It  is  not  at  all  encumbered  by  technicalities  nor  by  symbols. 

N.    H.   W. 

The  Progress  of  Mineralogy  in  1899,  an  analytical  catalogue  of  the 
contributions  to  that  science  during  the  year.    By  S.  Harbert  Ham- 
ilton and  James  R.  Withrow   (Bulletin  No.  2  of  the  American 
Institute  of  Mining  Engineers,  1900.) 
This  publication  renders  a  distinct  and  noteworthy  service  to  min- 
eralogy and  to  mineralogists.     It  is  the  only  one  of  its  kind  that  we 
know  of  in  the  English  language.     It  is  not  restricted  to  the  United 
States,  nor  to  English  literature,  but  embraces  all  countries  and  lan- 
guages.   It  is,  however,  confined  to  literature  that  was  received  in  Phil- 
adelphia prior  to  the  beginning  of  1900.    It  is  divided  into  seven  essen- 
tial parts,  each  part  arranged  alphabetically  by  authors'  names,  \\z.i 
New  minerals,  new  meteorites,   new  elements;   chemical   mineralogy; 
new  analyses,  determinations,  methods  etc. ;  physical  mineralogy ;  new 
forms,  determinations,   crystallographic  studies  etc. ;  general   mineral- 
ogy ;  new  occurrences,  economic  mineralogy  etc. ;  lithology ;  new  rocks, 
petrographical    descriptions   etc. ;   bibliographical,   historical   etc. ;   new 
books,  new  apparatus  etc. 

In  order  to  get  this  literature  catalogued  the  authors  have  consulted 
175  different  serial  publications  from  all  parts  of  the  world,  a  fact 
which  shows  that  a  journal  devoted  exclusively  to  mineralogy  shouW  be 
well  supported  and  a  great  advantage.  Besides  its  own  articles  such  a 
journal  should  annually  contain  such  a  document  as  this.      n.  h.  w. 
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New  Species  of  Cambrian  Fossils  from  Cape  Breton.  By  G.  F.  Mat- 
thew. (Bulletin,  Nat.  Hist.  Society  of  New  Brunswick,  vol.  iv, 
p.   219.) 

Under  this  head  Dr.  Matthew  has  described  a  number  of  Upper 
Cambrian  species  of  trilobites  and  brachiopods  that  are  of  consider- 
able interest. 

A  good  deal  is  made  of  the  internal  character  of  the  shells  of  the 
brachiopods,  which  are  carefully  described.  The  species  belong  to  the 
genera  Lingulella,  Lingula  ?  Acrotreta  and  Schizambon.  The  example 
of  the  last  genus  is  a  small  species  more  orbicular  than  the  t3rpe,  and  of 
interest  as  carrying  the  genus  back  to  Cambrian  time.  (The  typical 
form  described  by  Walcott  is  of  Ordovician  age.)  The  Acrotreta  is 
remarkable  for  the  heavily  truncated  mould  of  the  ventral  valve,  and 
for  the  unusually  strong  medium  septum  of  the  dorsal  valves. 

Among  the  trilobites  the  largest  species  is  a  Parabolina  distinct 
from  others  in  the  strongly  arched  front  margin  of  the  head  shield. 
-A  very  remarkable  form  is  a  species  of  Sphaerophthalmus,  carrying  a 
very  large  flat  genal  spine,  differing  from  S.  alatus  in  this  and  other 
respects.  An  Agnostus  of  generous  size  is  a  Canadian  mutation  of  A 
trisectus  Salter;  it  is  peculiar  in  having  a  tubercle  at  the  end  of  the 
rachis  of  the  pygidium,  and  in  other  respects.  These  trilobites  are  of 
the  Peltura  fauna;  the  brachiopods  chiefly  of  this  fauna  and  that  of 
Dictyonema  {D  Aabelliformis), 

A  plate  with  figures  of  the  species  and  mutations  described  accom- 
panies the  article.  n.  h.  w. 

The  Action  of  Ammonium  Chloride  upon  Natrolite,  Scolecite^  Prehnite 
and  Pectolite;  by  F.  W.  Clark  and  George  Steiger.  {Am,  J, 
Sci..i60  345351.) 

The  present  paper  is  one  of  a  series  having  for  an  object  the  study 
of  the  chemical  constitution  of  certain  silicates.  The  minerals  were  sub- 
jected to  the  action  of  ammonium  chloride  in  sealed  tubes  at  a  tempera- 
ture of  350°,  and  the  resulting  products  analyzed.  The  action  of  a 
boiling,  25%  solution  of  sodium  carbonate  was  also  tried  on  them. 
Both  natrolite  and  scolecite  are  unat tacked  by  the  sodium  carbonate 
solution  and  yield  with  the  ammonium  chloride  the  same  compound 
(NH4)3  AI3  Sis  Oio«  which  is  a  simple  replacement  of  the  bases  and 
acid  hydrogen  of  the  minerals  by  the  (NH4)  radical.  From  these  fact;^ 
and  an  entirely  new  and  complete  analysis  it  is  concluded  that  the  two 
minerals  are  salts  of  the  same  silicic  acid  Hg  Sis  Oio,  and  that  their 
formulae  should  be  written  Na2  AI2  Sis  Oio  .2  H2O  for  natrolite,  Ca  AP 
Sis  Oio  •  3  HaO  for  scolecite  instead  of  the  previously  accepted  orthosil- 
icate  formulae  AI3  (Si  04)s  Naa  H4.  and  AI2  (Si  O4)  Ca  H4  .  H2O  respect- 
ively. Prehnite  suffers  no  change  when  treated  as  above  and  is  there- 
fore of  different  structure.  Pectolite,  a  meta-silicate  Na  H  Ca2  Sis  O9, 
although  attacked  strongly  by  th«  chloride,  did  not  yield  results  leading 
to  any  new  or  more  definite  conclusions  as  regards  its  structure. 

c.  H.  w. 
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Chemical  Composition  of  Turquoise;  by  S.  L.  Penfield,  {Am,  J,  Sci. 

160-34,6:350,) 

The  article  records  a  rc-investtgation  regarding  the  chemical  com- 
posittou  of  turquoise.  A  new  analysis  was  made  on  material  exception- 
ally suitable  for  that  purpose.  Prom  the  results  thus  obtained  the 
author  shows  conclusively  that  the  mineral  is  to  be  regarded  as  a  deriv- 
ative of  the  ortho-phosphoric  acid  in  which  the  hydrogen  atoms  are 
largely  replaced  by  the  univalent,  isomorphus  radicals  Al(OH)^ 
Pe(OH)J,  and  Cu(OH)i.  The  formula  may  be  written  [A1(0H)2, 
Pe(0H)2,  Cu(OH).  H]8  PO4.  The  radical  A1(0H)J  always  predomin- 
ates. A  careful  consideration  of  former  analyses  shows  them  to  be  in 
close  agreement  with  the  results  just  mentioned  and  wholly  disproves 
Clark^s  interpretation  that  turquoise  is  a  mixture  of  the  molecule 
Al^H  PO4  (0H)4  with  finely  divided  iron  and  copper  phosphates  as 
impurities.  c.  H.  w. 

A  new  Meteorite  from  Oakley^  Logan  County ,  Kansas,  by  H.  L.  Pres- 
ton.   (Am.J.  Sci.,  iec^410  412.) 

The  meteorite,  which  is  the  eleventh  one  reported  from  Kansas, 
weighed  61  lbs.  10  oz.  and  was  7i/^  x  10  x  12  inches  in  its  greatest  di- 
ameter. It  consists  of  "olivine  and  enstatite  chondrules  imbedded  in  a 
very  irregular  groundmass  of  the  same  material,  with  numerous  par- 
ticles of  iron  and  iron  sulphides."  An  analysis  gives  its  composition  as 
follows;— metallic  part,  Pe  12.76%;  Ni -f  Co  1.68%;  silicates,  85.56%; 
total,  100%.  c.  H.  w. 

Cambro- Silurian  Limonite  Ores  of  Pennsylvanm;    bv  T.  C.  Hopkins 
(Bull.  Geol.  Soc.  Am.,  vol.  11,  475-502.) 

Extensive  deposits  of  iron  ores  occur  as  irregular  pocket-like  de- 
posits in  the  residual  clays  of  the  Cambro-Ordovician  limestones  and 
slates  of  eastern  and  central  Pennsylvania.  The  ores  consist  of  the 
hydrous  oxides  of  iron,  chiefly  limonite,  associated  with  manganese 
ores,  wavellite,  quartz,  chert  and  fluorite.  The  ores  app>ear  to  have 
been  derived  from  the  original  iron  content  of  the  limestones  and  slates, 
by  a  leaching  and  concentrating  process  in  which  carbonic  and 
organic  acids  together  with  oxygen  took  part.  In  position  the  ores 
favor  the  contact  of  the  limestones  and  underlying  slate.  c.  H.  w. 

Chemical  Composition  of  Sulphohalite :  by  S.  L.  Penfield.  (Am.  J.  Sci., 

160-425-428.) 

Considerable  doubt  as  to  the  existence  of  the  mineral  sulphohalite 
recently  described  and  assigned  the  formula  3  Na2  SO4  2NaCl,  having 
arisen  by  reason  of  the  failure  of  several  investigators  to  make  an  arti- 
ficial salt  of  like  composition,  the  re-investigation  of  the  species  described 
in  this  article  was  undertaken  with  the  result  that  another  constituent, 
fluorine,  was  discovered  and  the  composition  represented  by  the  formula 
2  Na2  SO4  2  Na  ClNaF  assigned  to  the  mineral.  It  is  interesting  to  note 
that  sulphohalite  was  associated  with  another  triple  salt,  the  mineral 
hanksite  9  Nao  SO4  2  Na2  CO3  K  CI.  c.  H.  w. 
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Siliceous  CakitesBrom  the  Bad  Lands  of  South  Dakota;  by  S.  L.  Pen- 
FIELD  aad  W.  B.  Ford.  (Am.  J.  Sci,  26^352-351^,  with  PI.) 
The  crystals  are  rough  in  appearance,  but  show  with  some  distinct- 
ness characteristic  calcite  form*.  In  chemical  composition  the  crystals 
resemble  the  stliceony  calcites  from  Fontainebleau,  containing  40%  of 
calcite  and  60  of  sand.  The  sand  grains  at  times  attain  the  size  of  small 
pebbles.  It  appears  that  these  crystals  represent  a  phase  of  sandstone 
formation  where  the  calcareous  cement  was  able  to  crystalise  and  pre- 
senre  its  external  crystalline  form.  c.  h.  w. 

Granites  of  Southern  Rhode  Island  and  Connecticut,  with  Observations 
on  Atlantic  Coast  Granites  in  General.  By  J.  P.  Kemp.  ( Bull.  GeoL 
Soc,  Am.,  10,  361-382.) 

All  the  granites  described  are  biotite  granites,  muscovite,  though 

present,    being    Tery    subordinate    and    hornblende    failing   entirely. 

The  following  types  are  recognized:     Westerly   gray,   Westerly  red. 

Stony  Creek  red.  Stony  Creek  gray,  and    Lyme  pink.      The   Petro- 

graphic  descriptions  of  these  types  and   of   the  contact  phenomena 

and  basic  inclusions  as  well  as  of  the  associated  apatite  and  pegmaty  te, 

are  followed  by  a  discussion  of  the  chemical  composition  based  upon 

six  analyses,  four  of  which   are  new.     The  silica    is   quite   uniform, 

yarying  from  68.40  to  73.05,  but  with  only  one  below  70  percent. 

The  Rhode  Island  granites  ran  somewhat   higher  in   lime   than  the 

Connecticut   granites.     The  magnesia   is   yery   low   in   nearly  eyery 

case.     The  soda,  in  relation  to  the  potash,  is  relatiyely  high  in  some 

types  and  low  in  others;   while  one,  the  red  granite  of  Stony  Creek, 

proves  to  be  one  of  the  purest  potash  granites  on  record.    The  paper 

closes  with  a  general  review  of  the  granites  of  the  Atlantic  sea  board, 

which  are  belie\*ed  to  belong  to  several  different  geological  periods  and 

among  which  the  biotite  granites  largely  predominate.  w.  o.  c. 

Contact  Metamorphism  of  a  Basic  Igneous  Rock.  By  Ulysses 
Sherman  Grant.     {Bull.  Geol.  Soc.  Am.,  11,  503-510.) 

The  rock  referred  to  is  the  Keweenawan  gabbro  occupying  a 
roughly  crescentic  area  of  about  1,000  square  miles  in  the  northeast 
comer  of  Minnesota,  between  lake  Superior  and  the  Canadian  bound- 
ary. The  contact  phenomena  are  described  only  for  the  northwestern 
border  of  the  gabbro  which  the  author  regards  as  probably  intrusive., 
where  it  lies  upon  the  Arduean,  Keewatin  and,  especially  the  quartzyte, 
iron-bearing  series,  carbonaceous  slate  and  grayvvacke  slate  of  the  Ani- 
mikie.  The  metaporphism  is  very  noticeable,  and  consists  of  a  partial 
or  complete  recrystallization  of  the  adjacent  rocks.  Complete  recr>'s- 
tallizntiion  is  the  rule  near  the  contact,  and  in  places  this  extends  500 
feet  from  the  contact;  while  a  partial  recrj'stallization  is  at  times  no- 
ticeable for  two  or  three  times  this  distance  from  the  present  margin 
of  the  gabbro.  The  rather  normal  metamorphic  characters  of  the  slaty 
members  of  the  Animikie  are  first  briefly  noticed,  and  then  the  special- 
ly interesting  contact  phenomena  of  the  iron-bearing  series  are  more 
fully  decribed.    The  original  rock  is  regarded  as  having  more  or  less 
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iron  carbonate.  This  rock  has  been  widely  altered  by  a  regional  meta- 
morphism  to  a  quartz-magnetite-aniphibole  slate  commonly  known 
as  actinolite  schist,  which  has  in  turn  been  profoundly  changed  by  the 
gabbro,  the  resuling  rock  being  a  coarse-grained  aggregate  of  quartz, 
magnetite,  olivine  or  fayalite,  hypersthene,  augite,  hornblende  etc. 
The  derivation  of  all  these  minerals,  including  those  like  olivine, 
augite,  and  hypersthene,  which  are  characteristic  of  basic  igneous 
rocks  and  rarely  found  in  metamorphosed  sediments,  from  the  actin- 
olite schist  is  shown  to  be  possible;  and  the  proofs  that  this  con- 
tact zone  really  belongs  to  the  Animikie  and  not  to  the  gabbro  are 
summarized.  The  contact  phenomena  of  the  Keewatin  are  said  to 
vary  greatly  with  biotite  as  a  prominent  feature.  In  the  Archaean,  the 
acid  rocks  or  granites  have  escaped  sensible  metamorphism,  while  the 
basic  rocks  or  greenstones,  including  gabbros,  diabases  and  diorytes, 
have  been  profoundly  altered,  and  usually  in  a  way  to  make  them  dif- 
ficult to  distinguish  from  the  gabbro  itself.  w.  0.  c. 

Suggestions  Regarding  the  Classification  of  the  Igneous  Rocks.     By 
William  H.  Hobbs.    (Jour,  Geol.,8,  1-31.) 

After  noting  the  importance  of  adapting  the  classification  to  the 
needs  of  the  field  geologist  as  well  as  the  petrologist,  the  bearing  of 
recent  petrographical  studies  on  rock  classification,  the  definition  of  a 
rock  as  an  object  rather  than  as  an  integral  part  of  the  earth's  crust« 
the  importance  of  texture  as  a  basis  of  classification,  the  need  of  com- 
bining chemical  and  mineralogical  classifications  as  a  basis  for  rock 
classification  and  of  substituting  quantitative  for  qualitative  analyses, 
that  rock  relationships  should  be  indicated  by  the  combination  of 
names  into  a  binomial,  or,  of  necessary,  a  polynomial  nomenclature, 
the  author  introduces  graphical  methods  as  essential  to  a  comprehen- 
sive study  of  rock  analyses.  The  system  of  diagrams  proposed  by 
Brdgger  for  this  purpose  is  preferred.  In  these  are  set  off  on  radius 
vectors  the  amounts  of  the  eight  principal  chemical  constituents  reck- 
oned in  molecular  ratios,  ferrous  and  ferric  iron  being  entered  upon 
the  same  radius  vector,  and  silica,  because  so  much  in  excess  of  the 
others,  being  evenly  divided  between  the  two  horizontal  radius  vectors. 
A  broken  line  joining  the  intercepts  on  the  eight  radius  vectors  forms 
a  polygon,  which  may  be  long  and  narrow,  or  short  and  thick,  convex 
above  or  below,  or  re-entrant  in  any  portion,  left  or  right-handed  etc.. 
according  to  the  chemical  constitution  of  the  rock.  When  viewed  in 
this  diagram  the  rock  comes  to  have  a  handwriting  by  which  it  may  be 
instantly  recognized :  and  when  drawn  to  scale  the  diagram  not  only 
shows  the  chemical  character  of  the  rock  but  all  the  results  of  analysis 
may  be  read  from  it  numerically.  The  main  purpose  of  this  paper  is 
to  adapt  the  Bropger  diagram  to  represent,  not  merely  an  individual 
analysis,  but  a  rock  species  or  tj'pc  covering  a  considerable  range  of 
differing  analyses.  In  other  words,  composite  diagrams  are  proposed, 
each  representing  the  average  of  a  group  of  analyses.  Examples  are 
given  for  the  principal  types  of  plutonic  and  volcanic  rocks.    The  pos- 
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sibiliUes  ai  the  method  arc  farlher  illustrated  by  grouping  the  dia- 
grams id  natural  series,  which  show  progressive  changes  in  form ;  and 
also  by  introducing  a  composite  of  each  series.  The  numerous  an- 
alyses upon  which  the  diagrams  are  based  are  quoted  in  tabular  form. 

w.  o.  c. 
The  Nomenclature  of  Feldspothic  GronoUtes.    By    H.    W.    Tusnm. 
(.Sour.  Cm/.,  8,  105-111.) 

Accepting  the  principle  that  the  classification  of  granular  rocks,  if 
not  of  lavas,  should  be  based  on  mineral  composition,  the  author  notes 
that  this  is  equivalent  to  a  classification  based  on  molecular  composi- 
tion in  so  far  as  the  minerals  are  composed  each  of  one  kind  of  mole- 
cules. But  plagioclase  is  an  exception,  since  it  is  composed  of  Iwo 
kinds  of  molecutes  in  ever  varying  proportions.  The  author  proposes 
that  Ihe  molecular  classification  be  applied  throughout ;  and  hence  in 
calculating  the  composition  of  the  foldspaihic  rocks  the  plagioclase 
should  be  resolved  into  titc  constituent  albite  and  anorthite  molecules, 
and  the  name  plagioclase  should  not  be  used.  This  is  shown  to  be 
particularly  necessary  with  the  mon/onytcs  and  diorytes.  which  con- 
tain both  orlhoclasc  and  plagioclase,  since  the  plagioclase  may  vary 
from  a  basic  labradorite  to  an  acid  oligoctase.  thus  giving  rocks  which 
could  not  property  be  designated  by  the  same  name.  It  is  suggested, 
tlierefore,  that  if  wc  subdivide  the  fcldspathic  rocks  on  the  basis  of  the 
ratio  of  the  alkali-feldspar  molecules  (Or  +  Ab}g  to  the  Itmc  feldspar 
molecules  (An)  the  true  mineral  and  chemical  relations  of  the  rocks 
will  be  brought  out  and  a  belter  classification  result.  A  graphic  illus- 
tration is  given  in  tables  showing  percentages  of  the  alkalies  and  lime 
and  [he  ratios  of  Or  -j-Ab  to  An  for  the  principal  feldspalhic  types.  The 
author  further  suggpsls  the  use  of  m  in  era  logical  terms  in  tianiinp 
granolytes  of  simple  composition,  as  orthosyle  for  a  rock  composed 
chiefly  of  orthoclase,  albityte  for  one  composed  chiefly  of  albite  etc., 
the  names  of  other  essential  constituents  to  be  used  in  substantive 
forms,  as  quartz-orthosyte  or  granite,  and  of  accessor}'  constituents  in 
adjective  form,  as  quartiiferous  syenyte  etc.  w.  o.  C. 

Same  Contact  Phenomena  of  the  Palisade  Diabase.  By  John  Dier 
Irving.  {School  of  Mines  Quarterly,  20.  213-223.) 
This  paper,  which,  after  noting  the  gradation  in  texture,  density 
and  mineral  composition  between  the  central  and  peripheral  portions 
of  this  great  trap  sheet,  is  based  chiefly  upon  the  exposures  of  the  upper 
and  lower  contacts  afforded  by  the  new  tunnel  of  the  New  York  Sus- 
quehanna and  Western  railroad,  confirms  in  the  main  the  work  of  An- 
drre  and  Osann,  who  in  1892  studied  the  lower  contact  only,  as  ex- 
posed by  the  West  Shore  railroad.  The  earlier  work  recognized  four 
metamorphosis  phases  of  the  Triassie  shale  and  sandstone,  as  follows : 
(i)  normal  homfels.  fa)  the  same  rich  in  tourmaline,  (.il  altered  ark- 
ose  containing  green  hornblende.  (4)  lime-silicate  homfels.  To  these 
Irving  adds  five  others,  three  from  the  lower  contact:  (i)  normal 
homfels   rich   in   spinel,    (2)    lime-silicate   homfels   containing   brown 
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hornblende,  (j)  normal  homfeis  containing  "augen'*  and  green  bom* 
Mende;  and  two  from  the  upper  contact:  (4,  5;  bomfeis  and  arkose 
homfels  containing  richly  scattered  crystals  of  andalosxte.  Each  type 
is  described  in  detail :  and  the  evidence  is  shown  to  strongly  support 
the  intrusive  origin  of  the  diabase,  the  andalusite  and  the  fact  that  the 
homstone  a  hundred  feet  above  the  upper  contact  is  baked  as  hard  as 
any  below  the  sheet,  being  especially  conclusive  in  this  regard.  Aoodicr 
contact  type  is  believed  to  be  a  leucite  homfels,  althotif^  the  analysis 
shows  it  to  be  too  high  in  alumina  and  soda  and  much  too  low  in  potash 
for  a  pure  leucite :  the  discrepancy  being  attributed  to  interstitial  mat- 
ter.    I-eucite  ha-,  not  f^een  previously  described  as  a  contact  mineral. 

w.  o.  c 
f'eher  grossc  Hache  Ccherschiebungen  in  Dillgcbiet,  von  Heskn  E.  Kay- 

.scR  in  Marburg  in  Hessen.      (Jahrbuch  de  Konigl  prenss,  geologi- 

schen  Landesanstalt  for  1900.  Bohn.  p.  7.) 

This  article  describes  the  complicated  structure  of  the  Devonian  and 
Calm  in  the  neighborhood  of  Dill  in  southern  Germany.  A  complicated 
series  of  upthrow  and  downthrow  of  faults  is  shown  by  the  accompany- 
ing map,  as  cutting  all  the  older  formations,  but  not  so  much  affecting 
the  Culm  though  this  formation  is  also  cut  by  them.  Several  sections 
are  given  tr>  show  the  details  of  the  action  of  the  force  that  produced 
these  movements :  and  it  is  also  shown  that  after  the  faults  were  pro- 
duced a  continuation  of  the  movement  caused  the  folding  of  the  bed 
affected  by  the  fault — (page  8). 

fJehcr  den  nassauischcn  Culm,  von  E.  Kayseh      (Neues  Jahrbuch  fur 

Mineralogie  etc..  1900,  Bd.  I,  p.  132). 

In  this  paper  Prof.  Kayser  refers  to  the  discovery  by  Tomqvist  in 
the  Posidononia  slate  of  Hebron  of  a  species  of  Meek's  North  Amer- 
ican genus  Euchondria  (E.  curopaea  Tomq.)  of  which  he  himself  had 
found  a  very  perfect  example.  c.  F.  m. 

Bcitragc  zur  Kcnntniss  dcs  Sibcrischcn  Cambrium,  I.  von  Eduard  vox 

Toix.     CMemoires  de  I'Acad.  Imp.  des  Sciences  de  St.  Petersburg, 

viii  Scr.,  vol.  viii,  Xo.  10. 

This  quarto  of  57  pages  with  a  number  of  cuts  in  the  text  and  eight 
plates  of  figure^  of  the  fossils  described,  is  one  of  the  most  important 
contributions  to  Cambrian  literature  that  have  appeared  in  the  last  few 
years;  not  only  on  account  of  the  thorough  treatment  of  the  subject, 
but  also  l»ecause  of  the  distant  and  little  known  geological  field  whose 
Cambrian  fossils  are  described  herein. 

Both  on  the  Venrsei.  and  the  Lena  the  great  rivers  of  Siberia,  Cam- 
brian deposits  arc  now  known  to  exist,  and  they  supply  most  interesting 
link-*  of  association  with  the  contemporar>'  strata  on  the  opposite  side  of 
the  world. 

Very  noticeable  is  the  fulness  with  which  the  archaeocyathinc  reef 
huilcler^  vvcrre  multiplied  in  the  valley  of  the  Jenesei,  and  their  numerous 
specie-  liavc  to  a  larjre  extent  been  identified  by  Baron  Toll  with  Bom- 
einaniiN  specie-,  in  Sardinia. 
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We  are  startled  by  the  reference  of  these  archaic  and  puzzling  forms 
to  the  calcareous  Algae.  They  have  been  bandied  by  various  authors 
from  one  class  of  the  animal  kingdom  to  another.  Billings,  who  first 
described  them,  thought  they  were  silicious  sponges,  and  Prof.  H.  A. 
Nicholson  and  Mr.  Walcott  supported  this  opinion.  Bornemann  who  had 
an  excellent  opportunity  to  study  the  Sardinian  forms,  concluded  that 
they  were  a  special  group  of  Coelenterata.  Dr.  Hinde  who  re-studied 
the  Canadian  species  concluded  that  one  was  a  lithistid  sponge,  and  the 
rest  were  to  be  referred  to  a  distinct  family  of  the  Zoantharia-schlero- 
dermata.  Meek  thought  Archaeocyathus  (Ethmopryllum)  a  true 
coral.  Sir  Wm.  Dawson,  however,  thought  two  of  the  Canadian  spe- 
cies to  be  Foraminifera. 

Baron  Toll  discusses  these  conflicting  opinions,  and  having  de- 
scribed a  new  genus  Rhabdocyathus,  comes  to  the  conclusion  that 
through  it  he  has  reached  the  true  solution  of  the  zoological  standing 
of  the  Archaeocyathinae,  namely  that  they  are  a  primitive  development 
of  the  calciferous  Algae,  and  are  related  to  the  recent  Acetabularia  and 
the  Tertiary  Acicularia. 

Among  the  material  from  Siberia  Toll  claims  that  he  has  found 
evidence  of  the  embryonic  stages  of  the  archaeocyathines,  and  figures 
a  minute  stalked  cup  with  a  detachable  lid  which  he  conceives  to  have 
been  the  starting  point  of  an  Archaeocyathus.  In  his  new  genus,  Rhab- 
docyathus, in  which  he  sees  a  more  primitive  archaeocyathine  than  in 
the  others,  the  lower  part  of  the  tube  has  separate  outer  and  inner 
walls,  but  in  the  upper  part  these  walls  come  together  forming  a  solid 
wall ;  in  this  genus  there  are  no  septae,  but  the  walls  are  perforate  as  in 
the  others.  Baron  Toll  regards  the  connecting  tubules  that  pass  from  the 
inner  to  the  outer  wall  in  the  archaeocythines  as  passages  for  the  spores, 
which  thus  escape  from  the  inner  cavity.  While  warmly  advocating  his 
view  of  the  algoid  relationship  of  the  Archaeocyathinae  he  speaks  of  it 
as  a  h3rpothesis,  thus  inviting  criticism  of  its  soundness. 

The  earlier  part  of  Baron  Toll's  work  is  devoted  to  a  description 
of  the  literature  of  the  Siberian  Cambrian,  in  which  he  refers  to  the 
earlier  work  of  Dr.  F.  Schmidt  on  a  more  limited  collection  of  Cam- 
brian fossils,  from  some  of  the  localities  from  which  the  later  collec- 
tions came,  that  have  been  examined  by  Toll.  Dr.  Schmidt  had  placed 
some  of  these  fossils  as  Devonian,  but  Toll  correctly  refers  them  to 
the  Cambrian.  One  of  these  is  a  Dorypyge,  three  others  are  referred 
to  the  genera  Anomocare.  Loistracus  and  Solenopleura  (?),  (Plate  II). 
A  pygidium  on  the  same  plate  referred  to  Bathyunis  liowelli,  IValc, 
has  a  wider  flattened  margin  than  is  common  in  that  species. 

On  plate  I  are  figured  a  number  of  new  species  of  trilobites  etc., 
from  the  new  localities  whose  fossils  have  been  studied  by  Baron  Toll. 
Two  minute  species  which  are  referred  to  Ptychoparia  might  also 
with  propriety  be  compared  with  the  Strenuella  type  of  Agraulos,  and 
especially  with  Strenuella  attlehorensis  S  and  F  (Trans.  Roy.  Soc.  Can., 
2  Ser.,  vol.  V,  sec.  iv.,  p.  yj).  An  Agnostus  of  the  Loevigati  group  has 
unusual  a.sosciations  if  occurring  in  strata  with  the  interesting  Micro- 
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discus  figured  on  this  plate.  This  greatly  resembles  the  species  of  this 
genus  which  occur  with  Olenellus;  the  Agnostus,  however,  is  flatter 
than  the  typical  species  of  the  Paradoxides  beds  and  may  be  an  earlier 
form. 

In  this  paper  are  described,  of  Ptyhoparia  i  new  species.  Microdis- 
cus  2  new  species,  Agnostus  i  new  species.  Kutorgina  {cingulata  Bill.) 
and  OboUlla  (cf.  chromatica  Bill.)  The  species  are  compared  with 
those  of  Europe  and  America. 

Any  claim  that  Agnostrus  occurs  in  strata  below  Paradoxides  re- 
quires to  be  well  supported.  The  type  of  the  one  that  Ford  thought 
he  found  at  Troy,  X.  Y.,  is  lost  and  the  figure  he  gives  scarcely  sup- 
ports the  reference  to  this  genus.  Baron  Toll  thinks  that  A,  atauus  of 
TuUbcrg  may  be  claimed  for  the  Olenellus  zone;  but  while  Tullbcrg 
refers  the  group  of  strata  in  which  it  was  found  at  Andrarum  to  the 
Olenellus  zone,  Olenellus  (i.  e.  Holmia)  is  found  only  in  the  lower 
part  of  this  set  of  beds,  and  Tullberg  reports  a  Paradoxides  in  these 
beds  below  the  layer  which  carries  Agnostus  ataz'us. 

Descriptions  and  figures  of  F.  Schmidt's  species  are  given  and  a 
very  full  account  of  occurrences  of  the  several  forms  of  the  Archaeo- 
cyatliinae. 

Table  C  (p.  55)  is  an  endeavor  to  show  diagrammatically  the  chrono* 
logical  relation  of  the  several  parts  of  the  Siberian  Cambrian,  and  the 
author's  view  of  the  bearings  of  the  several  groupings  of  species,  and 
the  nature  of  the  sediments,  on  the  probable  depth  of  the  Cambrian 
sea  at  the  time  these  creatures  of  the  Cambrian  age  were  entombed. 

In  conclusion  we  may  congratulate  the  author  on  having  rescued 
from  the  unknown  a  new  chapter  of  geological  history,  and  on  having 
placed  us  at  a  new  point  of  view,  from  which  we  may  regard  the  ac- 
tivities of  the  Cambrian  reef-builders.  c.  f.  m. 

La  Face  de  la  Terrc  (Das  Antlitz  dcr  Erdc),  par  Ed.  ^uess,  traduit 
avec  Tautorisation  de  Tauteur  et  annot^  sous  la  direction  de  Em- 
manuel de  Margcrie.    Tome  II,  Paris.  1900. 

This  well-known  classic  on  the  physical  features  of  the  surface  of 
the  earth  is  considerably  enlarged  by  original  notes  and  references  to 
later  literature.  This  tome  begins  with  the  "third  part."  the  seas.  After 
a  full  description  of  the  Atlantic  and  Pacific  ocean,  and  a  comparison 
of  one  with  the  other,  the  author  enters  upon  the  discussion  of  paleo- 
zoic seas,  thus  coming  within  the  domain  of  gcolog>*  proper.  Here  is 
abstracted  and  epitomized  the  result  of  all  the  study  of  the  paleozoic 
both  in  .\mcrica  and  Europe.  The  Mcsozoic  seas  are  treated  in  the 
same  manner,  then  the  Tertiar>'  seas.  In  chapter  VIII  the  author  dis- 
cusses the  shore  lines  of  Norway,  their  possible  elevation,  the  glaciers 
and  fjiords.  A  history  of  the  temple  of  Serapis  at  Pouzzoles,  as  af- 
fected by  earth  movements,  and  by  volcanic  ejection,  as  well  as  the 
results  of  exhumation  and  its  present  state  are  included  in  chapter  DC. 
The  Baltic  and  the  North  seas  during  the  historical  period,  and  the 
Mediterranean   during  the  same  period,   are  subjects  of  long  inquiry 
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and  important  description.     The  work  closes  with  a  chapter  devoted 
to  the  shore  lines  of  the  northern  seas. 

This  work  thus  covers  the  whole  field  of  modern  geology,  and 
brings  within  small  compass  the  grand  conclusions  of  the  science 
on  the  main  features  of  the  history  of  the  stratified  rocks.  The  col- 
laborators with  M.  Margerie,  in  this  translation  and  in  the  new  ma- 
Six  and  M.  Zimmerman.  The  new  French  edition  of  this  German 
treatise  renders  a  great  service  to  geologists  in  bringing  it  within 
terial,  are  Aug.  Bernard,  Ch.  Dcp^ret,  W.  Kilian,  G.  Poirault,  Ach. 
reach  of  a  wider  circle  of  students.  The  only  criticism  that  may  be 
made  is  one  that  is  a  common  fault  of  French  works,  viz:  it  has  no 
index,  and  only  the  most  general  subdivisions  and  running  heads.  It 
is  therefore  much  like  a  hidden  mine  which  everyone  must  explore 
independently,  without  guides.  English,  and  especially  American, 
scientific  books  are  far  ahead  of  those  of  continental  Europe  in  this 
particular.  n.    h.    w. 

A  Record  of  the  Geology  of  Texas  for  the  Decade  ending  December 
31,  1896.     By  F.  W.  SiMONDS.     (Transactions  of  the  Texas  Acad- 
emy of  Science,  vol.  3,  pp.  1-280.    Austin,  August,  1900.) 
This  record  begins  where  professor  Hill's  Bulletin  No.  15  of  the 
United   States  Geological   Survey  leaves  off,   and   covers   the  decade 
which,  as   remarked  in  the  author's  prefatory  note,   has   been   more 
fruitful  of  results  than  any  other  and  has  placed  the  geology  of  Texas 
upon  a  solid   foundation,  notwithstanding  the  many  details  that  re- 
main to  be  worked  out  and  errors  that  must  be  corrected. 

It  comprises  466  titles,  numbered  for  convenient  cross  and  index- 
reference,  arranged  alphabetically  by  authors,  those  of  each  author  be- 
ing arranged  according  to  time  of  publication. 

The  entry  of  copious  quotations,  judiciously  selected  to  show  pro- 
gressive or  important  features  of  most  of  the  papers  cited,  and  the 
preparation  of  brief  abstracts  of  certain  papers  or  parts  of  papers, 
have  more  than  doubled  the  value  of  the  record  as  a  bibliographic 
production.  In  presenting  these  Dr.  Simonds  has  been  wisely  im- 
partial, avoiding  entanglement  in  controversial  geology  and  letting  the 
principal  results  and  contentions  of  authors  speak  for  themselves. 

Lists  of  fossils,  minerals  and  rocks  newly  described  or  illustrated, 
or  of  which  new  knowledge  is  added  in  the  papers  cited,  faunal  lists 
of  formations,  condensed  geologic  sections,  chemical  analyses  and 
economic  statistics  have  been  freely  included. 

Thus,  in  a  form  compact  and  convenient  for  reference,  the  Record 
embodies  the  best  part  of  the  known  geology  of  Texas,  and  consti- 
tutes an  admirable  handbook  of  the  latter  and  one  that  will  be  indis- 
pensable to  all  future  students  of  the  geology  of  the  state  or  of 
Xorth  America  at  large. 

Typographical  errors  do  not  recur  with  sufficient  frequency  to  be 
burdensome. 

An  excellent  index  is  provided,  embracing  topics,  localities  and 
authors.  F.  \v.  c. 
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Bulletin  of  the  Hadley  laboratory  of  the  University  of  New  Mexico. 

Vol.  II,  part  I,  1900.     Published  with  the  cooperation  of  Mrs.  W. 

C.  Hadley. 

This  publication  embraces  several  articles,  the  leading  one  being 
devoted  to  the  geology  of  the  "Albuquerque  sheet,"  of  the  United 
States  Geological  Survey,  with  the  limits  of  which  lies  the  terri- 
torial university.  Its  authors  are  C.  L.  Herrick  and  D.  W.  Johnson 
It  is  accompanied  by  a  map  and  thirty-two  plates,  mostly  of  fossils, 
of  which  fourteen  are  new  or  undetermined.  The  article  gives  a  con- 
venient synopsis  of  the  geological  structure  of  the  area  included  in 
the  Albuquerque  sheet,  with  incidental  references  to  the  surrounding 
country.  The  Tertiary  forms  a  large  central  triangular  mesa,  extend- 
ing from  the  Rio  Grande  to  the  Puerco,  with  a  gentle  general  dip  to 
the  southeast.  Volcanic  rocks  forming  cones  and  flows  pierce  and  lie 
upon  the  Tertiary,  the  most  notable  being  the  volcanoes  a  short  dis- 
tance west  from  Albuquerque.  These  are  believed  to  be  a  part  of  a 
series  that  runs  north  and  south,  indicating  a  line  of  weakness  and 
perhaps  of  fracture  and  faulting.  It  is  interesting  to  note  that  some 
specimens  of  maize  embraced  in  what  was  supposed  to  be  a  part  of 
this  lava  were  traced  to  a  recent  artificial  origin,  the  "lava"  being  simply 
fused  adobe,  a  part  of  an  abandoned  brick  kiln.  Thus  the  idea  that 
man  was  contemporary  with  the  lava  was  abandoned. 

The  Sandia  mesa  rises  from  the  Rio  Grande  toward  the  east.  The 
inclination  is  much  increased  near  the  Sandia  range  of  hills  a  spur 
from  which  enters  the  area  of  the  sheet.  These  hills  are  due  to  a  great 
fault  which  has  brought  to  the  surface  the  Permian  and  Carboniferous 
the  uplift  being  on  the  east  side  of  the  fault.  This  dynamic  movement 
was  accompanied  by  metamorphism  and  apparently  by  fusion  of  the 
rocks  concerned,  giving  vent  to  granite. 

In  the  Cretaceous  of  the  western  part  of  the  area  are  lignite  beds 
which  have  been  considered  Laramie  but  they  lie  below  the  Fox 
Hills  of  the  Cretaceous.  Some  pre-Tertiary  igneous  rocks  that  pierced 
the  Cretaceous  and  modified  its  beds,  are  found  near  the  Puerco  val- 
ley, west  of  Albuquerque,  in  the  form  of  isolated  trachyte  cones,  the 
surface  lavas  of  which  had  apparently  been  eroded  and  lost  prior  to 
the  Tertiary  covering  which  has  since  been  also  removed  by  the 
erosion  incident  to  the  Puerco  valley.  The  authors  gave  the  petro- 
graphic  characters  of  these  rocks  and  of  the  Tertiary  basalt. 

Short  paragraphs  are  devoted  to  the  building  materials,  and  es- 
pecially the  clays,  and  to  irrigation. 

Pres.  Herrick  also  discusses  in  a  short  article  the  possibilities  of 
salt,  gypsum,  cement,  clay  and  graphite,  in  New  Mexico. 

The  volume  also  contains  "Report  on  a  geological  rcconnoissance 
in  western  Socorro  and  Valencia  counties.  New  Mexico,"  and  "Identi- 
fication of  an  Ohio  Coal  Measures  horizon  in  New  Mexico."  which 
have  appeared  in  the  American  Geologist ;  also  "The  Geolog>'  of  the 
White  Sands  of  New  Mexico,"  from  the  Journal  of  Geology,  and 
closes  with  "The  Cyanide  process  in  New  Mexico"  by  V.  V.  Clark. 
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The  publication  indicates  great  activity  and  energy  on  the  part  of 
Dr.  Herridc,  who  has  produced  this  and  the  preceding  bulletin  in  ad- 
dition to  his  duties  as  president  of  the  Territorial  University.  Such 
a  publication  must  be  one  of  much  convenience  and  value  to  the  people 
of  the  territory.  n.  h.  w. 

Th€  Geology  of  Eastern  Berkshire  County,  Massachusetts,  B.  K. 
Emerson.    (Bull.  159,  U.  S.  G.  S.) 

This  bulletin  is  supplementary  to  the  Housatonic  folio,  and  treats 
of  the  area  adjoining  the  Green  mountain  and  Hoosac  mountain  re- 
gions, which  have  been  the  subjects  of  recent  monographs.*  The  bul- 
letin consists  principally  of  lithological  and  petrographical  descriptions. 

The  region  described  represents  the  central  portion  of  a  deeply 
eroded  mountain  region.  It  presents  a  complicated  series  of  much 
folded  and  faulted  pre-Cambrian  and  early  Paleozoic  rocks.  Mr.  Emer- 
son distinguishes  and  describes  six  gneisses,  three  limestones,  three 
schists  and  one  quartzjrte.  He  concludes  with  a  lexicon  of  Berkshire 
county  minerals. 

The  bulletin  is  somewhat  fragmentary.  It  does  not  give  a  complete 
history  of  the  region  nor  discuss  any  of  the  larger  problems  involved. 
Doubtless  the  Housatonic  folio  will  treat  of  this  side  of  the  subject 
and  as  an  appendix  to  the  folio  the  bulletin  will  be  of  value,    i.  h.  o. 
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PERSONAL  AND  SCIENTIFIC  NEWS. 

Tut:  KAMULS  Cl--\KENCE  S.  BeMENT  LOLLECTiON  OF  MIN- 
ERALS which  has  attracted  mineralogists  from  all  over  the 
world  to  Philadelphia  for  so  many  years,  when  they  wished  to 
see  some  of  the  finest  specimens  known,  has  been  purchased  b>' 
the  friends  of  the  American  Museum  of  Natural  History  and 
has  been  presented  to  that  institution.  The  donors'  names 
are  withheld  from  the  pubHc  at  present,  though  this  is  the 
largest  and  most  valuable  single  gift  ever  niadi'  to  the  museum. 
The  minerals  in  the  ccrflection  are  said  on  good  authority  to 
have  cost  Mr.  Bement  not  less  than  $150,000,  while  the  meteor- 
ites contained  in  it  are  said  to  have  cost  an  additional  $50,000. 
This  great  acquisition  places  the  mineral  collection  of  the 
North  American  Museum  on  a  footing  comparable  with  that 
of  the  greatest  collections  in  Europe,  and  the  meteorite  collec- 
tion is  probably  surpassed  only  by  those  at  the  British  Museum 
and  the  Royal  Museum  at  Vienna.  The  collection  arrived  at 
the  museum  during  the  last  week  of  the  old  year,  has  been 
unpacked  and  its  installation  is  proceeding  as  rapidly  as  possi- 
ble. The  old  museum  collection  has  been  relegated  to  drawers 
for  the  present,  but  eventually  the  two  arc  to  be  consolidated. 

Prof.  Hen-ry  Fairchild  Osborn  has  resigned  his  position 
as  assistant  to  the  president  of  the  .'\merican  Museum  of  Nat- 
ural History,  in  order  to  have  time  to  attend  to  his  new  duties 
as  vertebrate  paleontologist  to  the  United  States  Geological 
Survey.  He  retains,  however,  the  curatorship  of  the  depart- 
ment of  vertebrate  paleontolog}^  in  the  museum,  and  will  con- 
tinue as  heretofore  the  building  up  of  the  collection  (he  assem- 
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bling  of  which  has  been  under  his  direction  for  the  past  ten 
or  eleven  years. 

Prof.  H.  C.  Bumpus,  of  Brown  University,  has  been 
called  to  the  position  in  the  American  Museum  left  vacant  by 
Prof.  Osbom,  and  he  assumed  office  as  "assistant  to  thie 
president"  on  the  ist  of  January.  Recent  invertebrates  have 
been  taken  away  from  the  department  of  geology  and  reptiles 
and  fishes  from  the  department  of  vertebrate  zoology  and 
erected  into  a  new  department,  of  which  Prof.  Bumpus  has 
been  made  curator. 

The  old  department  of  geology  has  been  further  subdivided 
by  constituting  a  new  department  of  mineralogy,  of  which 
Mr.  L.  P.  Gratacap  has  been  made  curator.  Mr.  Gratacap 
also  retains  charge  of  the  recent  shells,  of  which  he  has  had 
the  care  for  several  years.  Prof.  R.  P.  Whitfield  remains  cur- 
ator of  the  reorganized  department  of  geology  and  inverte- 
brate paleontology,  which  these  changes  restore  to  the  scope 
which  it  had  when  he  came  to  the  museum  more  than  twenty- 
three  years  ago.  Dr.  E.  O.  Hovey,  who  has  been  assistant 
curator  in  the  department  for  seven  years,  has  been  advanced 
to  be  associate  curator. 

Geological  Society  of  Washington. — ^The  following 
was  the  program  for  the  meeting  on  January  9th :  N.  H.  Dar- 
ton,  "Comparison  of  the  Geology  of  the  Black  Hills  with  that 
of  the  Front  Ranges  of  the  Rocky  Mountains ;"  A.  H.  Brooks 
and  A.  J.  Collier,  "Glacial  Phenomena  in  the  Seward  Penin- 
sula, Alaska ;"  A.  C.  Spencer,  "The  Physiography  of  the  Cop- 
per River  Basin,  Alaska." 

A  SKKTcii  OF  Djj.  Li:<irs  Lkk  HuJutAui),  former  state  geol- 
ogist of  Michigan,  is  given  in  the  Michigan  Miner,  vol.  3,  No. 
I,  Dec.  I,  1900.  The  sketch  is  accompanied  by  a  photograph 
and  was  written  by  Dr.  Alfred  C.  Lane,  the  present  state  geol- 
ogist. 

A  new  "Geological  Review"  has  been  established  in  Ger- 
many, edited  by  Dr.  K.  Keilhack,  at  Berlin,  published  by 
Borntraeger  Brothers,  at  Leipzig.  The  first  number  is  dated 
Jan.  I,  1901,  has  thirty-two  pages  and  embraces  reviews  of 
geological  contributions  from  all  parts  of  the  world,  printed  in 
German,  French  and  English.  The  American  co-editors  are 
F.  D.  Adams,  H.  M.  Ami,  W.  H.  Beal,  E.  Bose,  W.  M.  Davis, 
F.  P.  Gulliver,  Eugene  Hussak,  F.  H.  Knowlton,  H.  B.  Kiim- 
mel.  C.  Palache,  H.  Ries,  R.  D.  Salisbury,  T.  W.  Stanton,  and 
J.  E.  Wolflf.  There  are  sixty-three  other  co-editors.  G.  E. 
Stechert,  New  York,  agent.     Subscription,  30  marks. 

The  Department  of  Geology  and  Geography  at  Har- 
vard University  will  move  at  the  en  dof  this  college  year  into 
the  new  wing  of  the  University  Museum,  now  being  con- 
structed for  its  use.  This  will  relieve  it  from  the  cramped 
quarters  which  it  has  occupied  for  so  long. 
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On  Nov.  16  and  17  a  party  of  Harvard  students  and  in- 
structors returned  the  visit  of  their  Yale  fellow  workers.  Fri- 
day afternoon  was  spent  in  visiting  the  museums  in  New 
Haven,  the  evening  in  social  and  scientific  conference,  and  Sat- 
urday was  given  to  trips  to  regions  of  geological  interest  near. 

The  first  year  men  in  research,  in  the  Division  of  Geology 
at  Harvard  University  are  engaged  in  a  very  detailed  survey 
of  the  Middlesex  Falls,  under  the  guidance  of  Dr.  T.  A.  Jag- 
ger,  Jr.  This  is  on  a  larger  scale  than  heretofore  ever  attempted. 
The  contour  map  of  the  Metropolitan  Park  Commission  is 
used  as  a  basis.  The  area  of  survey  is  to  be  gradually  extended. 

Professor  J.  W.  Gregory,  of  Melbourne,  Australia, 
passed  through  the  country  in  November,  on  his  way  to  Lon- 
don to  arange  for  a  boat  for  the  British  Antarctic  epedition, 
which  is  to  start  next  summer.  He  made  short  stops  at  Chi- 
cago and  at  Cambridge,  to  meet  the  geologists  there  and  look 
over  their  equipment. 

Geological  Society  of  Washington.  The  annual  meet- 
ing for  the  election  of  officers  was  held  on  December  19th.  At 
this  meeting  Mr.  Whitman  Cross  gave  the  presidential  ad- 
dress on  "The  Development  of  Systematic  Petrography  in  the 
Nineteenth  Century."  At  the  meeting  of  December  12th  the 
following  program  was  presented: 

C.  W.  Hayes: — Geological  relations  of  the  Tennessee  brown  phos- 
phate. 

Lester  F.  Ward : — The  autochthonous  or  allochthonous  origin  of  the 
coal  and  coal  plants  of  central  France. 

E.  E.  Howell: — Exhibition  of  a  geologic  relief  map  of  the  United 
States. 

The  Petrograpiiical  Reference  Collection  of  the  U. 
S.  Geological  Survey  at  present  numbers  over  1,000  specimens^ 
with  complete  card  indices,  and  is  now  available  for  the  use  of 
petrof^raphers.  It  is  hoped  soon  to  issue  a  descriptive  circular 
for  the  information  of  all  to  whom  such  a  collection  may  be  of 
value.  One  of  the  features  of  this  collection  is  the  valuable 
series  of  the  igiieous  rocks  of  the  Christiania  region  which 
Prof.  W.  C.  Brrg^ger  brought  to  this  country  when  he  came 
last  spring  to  deliver  the  George  Huntington  Williams  memo- 
rial lectures  at  Johns  Hopkins  I  Jiiversity. 

Mother  Lode  District,  California.  The  United  States 
Geolog^ical  Survey  has  recently  published  Folio  No.  63  of  the 
Geological  Atlas  of  the  United  States  dcsig-nated  the  ''Mother 
Lode  Survey  District  Folio,  California." 

The  folio  comprises  two  sheets  of  topograpliic  maps,  on 
the  scale  of  one  mile  to  the  inch  fi-63,  360),  embracing  an 
area  six  and  one-quarter  miles  wide  and  about  seventy  miles 
long,  two  sheets  showing  the  relation  of  tlie  mining  claims  to 
topography  and  geology,  two  sheets  illustrating  the  areal  and 
economic  geology,  and  two  sheets  of  structure  sections. 
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In  the  eleven  pages  of  descriptive  text,  signed  by  F.  L. 
Ransome,  geologist,  there  is  presented  a  concise  and  simple 
statement  of  the  general  geological  features  of  the  district. 
The  history  of  the  events  which  led  up  to  the  present  geolog- 
ical, economic,  and  topographic  relations  is  also  briefly  told. 

The  gold-quartz  veins,  which  give  to  this  region  its  chief 
importance,  are  discussed  with  reference  to  origin,  structure, 
and  relations  to  the  inclosing  rocks.  This  general  account  of 
the  auriferous  lodes  is  followed  by  brief  notes  on  the  prom- 
inent mines.  The  resources  of  the  district,  other  than  gold, 
are  treated  at  lengths  proportionate  to  their  relative  impor- 
tance. The  more  important  results  derived  from  the  investi- 
gation of  the  district,  especially  those  which  may  be  of  value 
in  its  future  economic  development,  are  finally  gathered  to- 
gether in  a  terse  summary. 

The  Washington  Academy  of  Sciences  is  preparng  a 
new  directory  of  the  membership  of  the  Academy  and  of  its 
nine  affiliated  societies.  This  will  conform  in  general  character 
to  the  directories  of  the  scientific  societies  of  Washington,  D.  C. 
heretofore  published. 

Mr.  T.  C.  Weston  has  written  and  published  a  volume  giv- 
ing reminiscences  of  his  thirty-five  years  connection  with  the 
Geological  Survey  of  Canada,  which  began  in  1859  and  ended 
in  1894.  These  pages  recall  men  who  have  been  noted  in  Can- 
adian geology — Logan,  Hunt,  Hillings,  Richardson,  Barlow, 
Murray  and  others. 

The  Collection  01*  Di  tarc's  Great  Relief  Models  of 
structures  of  the  Alps  includes  one  that  shows  the  Glamer 
double  fold  according  to  A.  Heini.  Others  illustrate  vividly 
symmetrical  and  unsymmetrical  anticlinal  folds ;  inverted  arch- 
es and  anticlinal  folds  and  other  interesting  mountain  struc- 
tures. This  collection  of  eight  models  in  plaster  of  Paris  was 
displayed  at  the  Swiss  national  exhibition  at  Geneva,  in  1896. 
Tt  is  one  of  the  most  important  series  available  for  museums 
or  lecture-rooms.    The  cost  is  $100. 

Granite  Monoliths  are  being  quarried  at  Vinal  Haven, 
.Maine,  for  the  cathedral  being  built  at  Morning  side  Park,  New 
York.  Thirty-two  of  these  columns  arc  required  to  be  54  feet 
long  and  6  feet  in  diaineter,  each  weighing  160  tons,  or  two- 
thirds  as  much  as  Cleopatra's  needle  in  Central  Park.  For 
dressing  and  polishing  these  granite  columns  they  are  mounted 
in  a  giant  lathe  and  revolved  so  as  to  bring  their  exterior  sur- 
face first  against  cutting  tools  and  afterward  on  polishing  ma- 
terials. This  lathe  is  86  feet  long  and  weighs  135  tons,  and  the 
rough  stone  which  it  reduces  to  dimension,  wxighs  at  first  as 
much  as  310  tons.  This  lathe  was  designed  and  patented  by 
engineers  of  Boston,  and  was  constructed  in  Philadelphia. — 
(Sci.  Am.) 


Fig.  2.     A  TVPICAL  VIEW  IN  THE  Gl 
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GEOLOGY  OF  THE  TALLULAH  GORGE. 

By  S.  P.  J0NB8,  Vanderbilt  University,  Nashville,  Tenn. 

PLATES  IX-XI. 

Introductory   and  general  description. 

In  papers  of  a  physiographic  nature  the  Tallulah  gorge  in 
northeastern  Georgia  has  been  incidentally  mentioned  by  dif- 
ferent writers  a  number  of  times. 

Nothing  on  it  per  se,  however,  has  ever  appeared,  with 
the  exception  of  an  article  of  a  rather  general  character  by 
Dr.  W.  L.  Jones,  formerly  professor  of  geology  at  the  Uni- 
versity of  Georgia,  published  in  the  Atlanta  Journal  about 
1892. 

An  opportunity  was  afforded  the  writer  during  the  past 
summer  to  examine  the  region  in  detail,  and  the  following 
paper  is  offered  as  a  small  contribution  to  the  geology  of 
Georgia. 

The  Tallulah  river  rises  in  western  North  Carolina  just 
above  the  Georgia  line,  flows  in  a  southeasterly  direction 
through  Rabun  county  in  the  extreme  northeast  corner  of 
Georgia  and,  uniting  with  the  Chattooga  at  the  South  Caro- 
lina line,  forms  the  Tugaloo,  a  tributary  of  the  Savannah. 

Its  entire  course  is  within  the  Blue  Ridge  mountains,  the 
easternmost  of  the  southern  Appalachians,  its  flow  being  down 
the  southeastern  slope  and  approximately  at  right  angles  to 
the  axis  of  the  range. 

By  reference  to  the  accompanying  topographic  map  (Plate 
X.)  it  will  be  seen  that  all  the  streams  in  the  region  under 
consideration  have  dissected  deep    valleys,  while    the    more 
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prominent  peaks  and  ridges  exhibit  a  close  correspondence  in 
altitude  along  a  northeast  southwest  direction,  with  a  fairly 
uniform  increase  in  hight  from  the  southeastern  foothills  to 
the  crest  of  the  range.  It  will  also  be  noticed  that  the  head 
waters  of  Panther  creek,  which  empties  in  the  Tugaloo  a  few 
miles  below  the  mouth  of  the  Tallulah,  and  those  of  Glade 
creek,  a  tributary  of  the  Chattahoochee,  are  within  less  than 
a  mile  of  each  other  with  a  low  divide  between  them. 

The  investigations  of  geologists  most  familiar  with  the 
southern  Appalachians  have  shown  that  the  greater  portion, 
if  not  all,  of  the  province  has  been  twice  base-leveled — once 
during  Cretaceous  and  once  during  Tertiary  times.* 

In  the  region  around  Tallulah  falls,  however,  considerable 
areas  seem  not  to  have  been  reduced  to  base  level  and,  owing 
to  close  proximity  in  altitude  and  other  complicating  condi- 
tions, the  differentiation  of  the  two  peneplains  in  northeastern 
Georgia  is  not  easy. 

For  the  last  four  miles  above  its  confluence  with  the  Chat- 
tooga the  Tallulah  river  cuts  through  the  southeastern  side 
of  a  series  of  broken  ridges  called  the  Tallulah  mountains  and 
it  is  here  that  the  gorge  and  falls  of  the  same  name  are  lo- 
cated. 

In  the  region  of  the  gorge  the  river  has  a  normal  flow,  as 
determined  by  Mr.  B.  M.  Hall,  hydrographer  for  the  U.  S. 
Geological  Survey,  of  about  i8o  cubic  feet  per  second. 

The  town  of  Tallulah  Falls  is  on  the  western  side  of  tlie 
river  three  miles  above  its  mouth  and  an  iron  bridge,  con- 
venient in  locating  positions,  spans  the  gorge  on  the  road 
to  Clayton,  Georgia. 

The  gorge  begins  about  a  mile  and  a  half  above  this  bridge 
and  runs  all  the  way  to  the  mouth  of  the  river.  From  here 
it  may  be  considered  as  being  continued  by  the  Tugaloo  for 
about  two  miles. 

Above  the  gorge  the  Tallulah  presents  the  usual  character- 
istics of  a  rapid  flowing  mountain  stream  with  steep  slopes 
on  either  side  and  sufficient  valley  land  at  places  to  afford 
small  farm  settlements.  Below  the  gorge  the  Tugaloo  pre- 
sents a  similar  aspect  characterized,  however,  by  broader  al- 

•C.  W.  Haybs.  and  M.  R.  CAMPnKi.L.  Geomorphologrv  of  the  Sonthem  Ap- 
palachians.    Nntionnl  Geographic  Magaxine   1894.,  vol.  vi.  p.  63-126. 


TOPOGRAPHICAL  MAP  OF  THE   REGIUN   OF  THE 
TALLULAH    RIVER. 
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luvial  borders  and  a  more  rounded  contour  of  adjacent  hills 
as  it  approadics  the  Piedmont  plain. 

The  falls  occur  in  a  section  of  the  gorge  three-fourths 
of  a  mile  long  beginning  half  a  mile  below  the  bridge.  Named 
in  succession,  they  are:  L'Eau  d'Or,  Tempesta.  Hurricane, 
Oceana  and  Bridal  Veil.  None  has  a  vertical  fall  of  over 
ninetj'  feet,  though  the  total  descent  of  the  river  fr<Mn  the 
first  to  the  last  fall  is  about  360  feet. 

At  the  Indian  Arrow  rapids,  just  above  the  falls,  the  river 
is  a  hundred  feet  below  the  principal  street  of  the  town,  some- 
what arbitrarily  assumed  as  the  level  of  the  upper  edge  of  the 
gorge  at  this  point.  From  here  the  gorge  deepens  and  widens 
rapidly,  reaching  its  greatest  depth  in  the  neighborhood  of  the 
horseshoe  bend  in  the  portion  below  the  falls  tyrmod  the 
Grand  Chasm.  Here  the  gorge  is  530  feet  deep  as  measured 
from  the  roadbed  of  tlie  Northeastern  Georgia  R.  R.,  which 
runs  for  a  short  distance  along  the  brink  of  the  chasm.  Ref- 
erence to  the  accompanying  map  and  profile  (Plate  XI.)  of  A 
portion  of  the  river  will  bring  out  these  points  more  clearly. 

From  the  Grand  chasm  to  the  junction  of  the  two  rivers 
the  gorge  is  somewhat  shallower  and  with  less  definitely  de- 
fined walls  than  in  the  region  just  described,  some  strips  of 
cultivated  land  bordering  each  side  of  the  river  near  its  lower 
end.  It  is  in  the  region  of  the  falls  ruul  Grand  cliasrn  that 
the  typical  gorge  character  is  best  developed  and  it  was  doubt- 
less the  wild,  rugged  scenery  of  this  portion  that  suggested 
the  Indian  name  "Tallulah"  or  "the  terrible."  * 

Geological  Features. 

Tallulah  falls  is  situated  within  the  region  designated  on 
any  geological  map  of  Georgia  as  the  "Crystalline  Area." 

This  formation  embraces  all  the  northeastern  portion  of 
the  state  and  is  made  up  principally  of  granites,  gneisses  and 
crystalline  schists. 

The  exact  position  of  these  rocks  in  the  geological  time 
scale  has  never  been  determined.  They  are  generally  classed 
as  pre- Cambrian. 

In  the  small  geological  map  accompanying  this  article 
(fig.  I.)  three  areas  are  shown. — a  quartz  schist  formation, 
a  narrow  belt  of  limestone  and  a  biotitc  schist  on  cither  side 
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of  the   limestone.     The   first  merits   special   description,   the 
gorge  being  confined  to  it. 
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This  quartz  schist,  as  far  as  mapped,  exhibits  an  unusually 
well  developed  joint  structure  one  of  whose  planes  corre- 
sponds closely  with  the  schistosity  dip  which  is  about  25"  in 
a  direction  south  20"  west. 

If  this  schist  was  derived  from  pre-existing  sedimentary 
rocks,  as  seems  probable,  the  strike  of  the  true  bedding  planes, 
which  have  since  been  obliterated  in  the  perhaps  several  times 
repeated  metamorphism  of  the  region,  must  have  corre- 
sponded with  that  of  the  limestone  belt  which,  as  can  be  seen 
from  the  map,  makes  a  large  angle  with  the  schistosity  strike. 

The  course  of  the  Tallulah,  and  indeed  of  all  the  streams 
in  the  region  under  consideration,  seems  to  show  no  evidence 
of  dose  adjustment  between  the  flow  of  the  rivers  and  the  dip 
and  strike  of  the  rocks. 

Figures  I  and  2,  plate  IX.  show  very  well  the  joint  struc- 
ture mentioned  alH>vc  and  the  relation  of  the  river  to  the 
rock. 
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^legascopically  the  schist  is  a  gray,  mediuin  grained,  com- 
pact rock  and  exceedingly  hard  under  the  hammer.  The 
schistose  structure  is  not  conspicuous  in  unaltered  specimens, 
but  shows  plainly  wherever  weathering  has  taken  place.  Ir- 
regularly distributed  masses  of  pyrite  are  quite  abundant  and 
on  all  exposed  surfaces  the  iron  oxide  stain  resulting  from 
their  decomposition  is  characteristic. 

Under  the  microscope  the  rock  is  seen  to  be  composed 
principally  of  quartz;  this  material  probably  amounting  to 
90**  of  the  whole.  Feldspars  are  next  in  abundance,  muscovite 
probably  next,  pyrite,  some  biotite,  occasional  grains  of  mag- 
netite, small  crystals  of  apatite  and  a  few  isolated  masses  of 
some  irregularly  shaped,  highly  refractive  substance  show- 
ing low  double  refraction  and  giving  no  very  satisfactory  in- 
dications as  to  its  nature. 

The  quartzes  are  in  the  form  of  irregularly  shaped  grains 
closely  interlocked,  many  showing  wavy  extinction  and  all 
more  or  less  shattered,  with  the  cracks  filled  with  subse- 
quently deposited  silica.  Nothing  in  the  nature  of  a  zonal 
structure  or  anything  indicating  original  sedimentary  mate- 
rial is  to  be  found,  but  owing  to  the  evident  crushing  and 
metamorphism  that  has  taken  place  this  can  only  be  regarded 
as  negative  evidence  with  reference  to  such  a  possible  origin. 

Of  the  feldspars,  microHne  and  plagioclasc  are  the  most 
abundant  with  some  perthitic  intergrowths  of  orthoclase  and 
plagioclase.  Much  of  the  feldspar  is  broken  and  cracked  like 
the  quartz,  but  not  to  so  great  an  extent. 

Some  of  the  muscovite  has  undergone  alteration  and  is  ac- 
companied by  granular  epidote. 

The  biotite  is  frequently  accompanied  by  sheaf-likc  masses 
of  minute  needle-like  crystals  showing  very  high  interference 
colorsT-<loubtless  rutile.  A  chemical  determination  of  the 
amount  of  silica  present  would  enable  the  rock  to  be  classified 
with  greater  certainty. 

At  several  points  along  the  gorge  thin  seams  or  lenticular 
masses  of  intercalated,  highly  graphitic  margarite  scliist 
carrying  crystals  of  tourmaline  are  noticeable. 

The  limestone  and  biotite  schist  may  have  possibly  had 
some  influence  in  determining  former  drainage,  but  present 
no  special  features  for  present  consideration. 
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Origin  of  the  Falls  end  Gorge. 

Detailed  examination  of  the  gorge  and  river  with  related 
topographic  features  brings  out  clearly  two  important  facts 
— 1st,  that  the  gorge  has  been  produced  entirely  by  the  erosive 
action  of  the  river,  assisted  by  atmospheric  agencies,  and,  2nd, 
tjhat  both  the  falls  and  gorge  are,  geologically  speaking,  of 
very  recent  age. 

Evidences  of  marked  stream  erosion  are  everywhere  vis- 
ible along  the  margin  of  the  river  in  the  upper  part  of  the 
gorge.  At  the  Indian  Arrow  rapids,  above  the  falls,  the  river 
has,  by  deflection  and  concentration  of  its  flow,  on  the  left 
bank  exposed  on  the  west  side  a  considerable  portion  of  bed 
rock,  now  a  yard  or  more  above  nonnal  water  level.  An  in- 
structive display  of  pot-holes  is  to  be  seen  here  in  the  hard^ 
polished  rock,  some  of  them  four  or  five  feet  in  diameter  and 
deeper  than  broad.  A  little  farther  down  stream  on  the  right 
bank  a  large  pot-hole  can  be  found  about  two  yards  above 
water-level,  partially  filled  with  decayed  rock  and  vegetable 
mould  and  having  in  it  the  stump  of  a  tree  five  or  six  inches 
in  diameter.  The  absence  of  similar  evidences  of  stream  ac- 
tion along  higher  levels  is  to  be  noted  and  is  due  to  the  widen- 
ing of  the  gorge  that  has  taken  place  through  atmospheric 
agencies.  The  well  developed  joint  structure  of  the  schist 
has  greatly  facilitated  the  rapid  action  of  these  agencies  in  a 
climate  where  alternate  freezing  and  thawing  is  frequent  dur- 
ing the  winter  season,  and  the  tumbling  in  of  large  blocks  has 
produced  a  recession  of  the  walls  of  the  gorge  probablv  pari 
passu  with  the  down  cutting  of  the  stream.  Also  the  rock, 
though  of  a  hard  flint-like  texture,  weathers  rapidly  in  the 
moist  air  of  the  gorge,  the  decomposition  of  the  pyrite  and 
feldspars  allowing  the  quartz  grains  to  fall  apart.  The 
greater  width  of  the  lower  portion  of  the  gorge  bears  testi- 
mony to  its  greater  age  and  the  longer  continued  action  of 
these  forces.  The  comparative  youth  of  the  gorge  is  indi- 
cated by  the  steep  grade  of  the  river  and  the  presence  and 
character  of  the  falls  as  well  as  by  the  steepness  of  the  walls. 

The  immediate  location  of  the  falls  is  not  a  permanent  one, 
but  they  are  constantly  working  up  stream  at  a  rate  that  may 
be  rapid  enough  to  admit  of  measurement,  though  inquiries 
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among  the  old  inhabitants  of  the  neighborhood  failed  to  throw 
any  light  on  this  point.  There  is  nothing,  however,  to  indi- 
cate that  they  have  migrated  from  a  definite,  initial  position 
as  in  the  case  of  a  fall  like  Niagara  working  back  by  under- 
mining. Indeed,  the  presence  of  a  number  of  sloping  falls 
(they  are  all  more  or  less  sloping)  instead  of  a  single  vertical 
one  would  preclude  the  idea  of  any  such  origin.  They  are 
rather  to  be  looked  upon  as  rapids  or  shoals  of  an  accentuated 
type  where  the  grade  of  the  river  is  steepest  in  its  course  to 
the  lower  level  of  the  Tugaloo. 

Mr.  C.  W.  Hayes  thinks  that  the  Chattooga  river  and  the 
tributary  Tallulah  have  been  captured  and  diverted  from  the 
Cliattahoochee  to  the  Savannah  drainage  system  by  the  Tug- 
aloo and  that  the  falls  on  the  Tallulah  show  that  the  Tugaloo 
has  not  yet  had  time  to  subdue  the  recently  acquired  terri- 
tory.* Mr.  M.  R.  Campbell  has  also  advanced  views  of  a 
smiilar  nature.f 

As  both  these  writers  consider  a  case  of  stream  piracy  to 
Iiave  taken  place  here,  the  origin  of  the  gorge  will  first  be  con- 
sidered on  such  a  supposition. 

From  the  top  of  any  prominent  peak  east  of  Tallulah 
river  in  the  region  of  the  gorge  a  long  even-crested  ridge,  the 
L'liattooga  ridge,  can  be  seen  on  the  southeastern  side  of 
0\r  Chattooga.     A  natural  continuation  of  this  is  seen  west 

'lit;  Tallulah  in  the  region  of  Panther  creek,  while  a  docp 
':t»,  through  which  a  broad  vista  of  the  low  country  is  ob- 

■  I.  marks  the  position  of  tlie  Tuf^^aloo.     It  a  capture  took 
■  ■•  it  was  probably  at  a  point  a  short  distance  above  the 

^'ii  ni  Panther  creek;  the  Chattooj^a  originally  continuine: 

'■'•urse  to  the  Chattahoochee  along  the  valley  of  Panther 

k  and  its  west  fork,  the  ])resent  reversed  draina.c^e  of  this 

'.  l)eing  necessarily  brought  about  by  the  lower  gra<lr  of 

■  iigalo).     Tlw  divide  between   the   westtTn    fork  of  this 
;.  and  several  creeks  tributary  to  the  Chattahoochee  is  at 

•wrst  j)oint  between  yx^  and  4(X)  feel  above  the  ])i\:sent 
I  of  the  Tngaloo  at  tlie  jnnetiire  of  the  threr  streams,  and 

■'  ■■  ■■  *'?X^- 

W     IIayfs.     Thf  Soulherii  Ai)p;iI.'H'hi;nj«^,  J\/i>;/r/^'r.'i/«/?,  X;itii'ii;il  <'.i  (•L:f  :i 
-    .  :tty.  1Syr>.  vol.  i,  i>.  :?L'7. 

K.   Campiiki.i..        I>rainatrc    iiiutlificM  ti<>n>    riinl      their    iiitt  rpi  tt  ai  i- m.-;. 
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While  there  is  no  way  to  measure  the  erosion  that  has 
taken  place  at  this  point  since  the  supposed  capture,  nor  the 
relative  rapidit}^  of  the  lowering  of  the  land  here,  as  compared 
with  the  lowering  of  the  bed  of  the  Tugaloo,  yet  as  it  is  now 
the  divide  between  the  two  creeks  and  is  undergoing  consid- 
erable erosion,  it  is  not  unreasonable  to  suppose  that  at  the 
time  of  capture  it  was  as  much  as  500  feet  above  the  present 
level  of  the  Tugaloo  at  the  jucture  of  the  three  streams,  and 
that  the  grade  of  the  Chattooga  at  that  point,  and  therefore 
necessarily  at  the  mouth  of  the  Tallulah,  was  before  the  cap- 
ture that  much  above  its  present  level  at  the  mouth  of  the 
Tallulah. 

From  an  examination  of  the  profile  of  the  Tallulah,  as 
shown  on  the  map  (Plate  XI),  it  will  be  seen  that  a  line  of 
level  from  the  river  bed  at  the  head  of  the  gorge  to  the  Grand 
Chasm  is  525  feet  above  the  river  at  the  latter  point,  or  ap- 
proximately coincides  with  the  brink  of  the  cliff  at  its  highest 
point.  In  other  words,  if  the  Chattooga  was  once  500  feet 
above  its  present  level  where  it  is  joined  by  the  Tallulah  the 
latter  river  could  have  reached  it  by  an  easy  grade  without 
having  had  to  cut  a  gorge.  On  the  capture,  however,  of  the 
Chattooga  at  a  point  a  short  distance  below  the  mouth  of 
the  Tallulah  by  the  Tugaloo,  the  grade  of  the  first  named 
river  would  have  been  lowered  sufficiently  to  necessitate  the 
cutting  of  the  gorge  through  which  the  Tallulah  now  flows. 
Careful  search  in  the  region  across  which  the  Chattooga 
would  have  had  to  flow  failed  to  reveal  anything  like  river 
gravel,  but  subsequent  erosion  may  have  entirely  obliterated 
the  old  stream  bed. 

The  theory  of  capture  has  lately  received  corroborative 
evidence  from  a  comparative  biological  study  showing  simi- 
larity in  a  portion  of  the  unione  fauna  of  the  Chattahoochee 
and  Savannah  rivers.*  There  is  also  some  evidence  of  forms 
in  the  Savannah  system  that  point  to  a  round-about  derivation 
from  forms  of  the  Tennessee  river  through  former  connection 
between  it  and  the  Coosa  river  in  Alabama  and  between  the 
Coosa  and  the  Chattahoochee  b}'  way  of  the  Etowah  in  Geor- 
gia, and  from  the  Chattahoochee  to  the  Savannah  system  by 

•CiiAS,  T.  Simpson.  On  the  evidence  of  the  IJnionidae  regarding  the  former 
cour!«es  of  the  Tennessee  and  other  Sonthern  rivers.  Sc/e/ice.  vol.  xii,  No.  191, 
p.  13:;. 
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former  connection  at  the  locality  under  consideration.* 

If  the  Chattooga  originally  belonged  to  the  Savannah  sys- 
tem, and  no  change  of  position  has  taken  place,  then  the  next 
theory  that  would  seem  to  suggest  itself  as  explanatory  of 
the  evident  recentness  of  the  gorge  cutting  would  be  that  the 
differential  movements  that  are  known  to  have  taken  place  at 
the  end  of  the  Columbia  and  LaFayette  in  some  way  caused 
particular  activity  in  stream  erosion  at  this  locality. 

Under  either  theory,  however,  the  absence  oS  a  gorge  of 
similar  character  in  the  adjacent  Chattooga  would  appear  to 
need  explanation. 


PALEONTOLOGICAL  SPECULATIONS. 

L.  P.  Gratacap.  Am.  Mas.  Nat.  Hist.,  N.  Y. 

I. 

In  the  search  for  those  variations  whose  accumulated  force 
ushers  in  new  forms  in  the  life  series,  and  by  whose  influence 
on  the  organism  as  a  whole  a  kinetic  impulse  is  established  in 
a  new  direction,  no  more  useful  field  of  observation  can  be 
chosen  tlian  tlie  detailed  results  of  a  survey  like  that  of  New 
York.  In  these  volumes  devoted  to  palaeontology  we  have 
displayed  with  laborious  care  the  whole  series  of  species,  with 
their  variations  and  blendings,  contrasts  and  modifications, 
which  the  active  work  of  the  field,  the  combined  painstaking 
labors  of  many  students,  and  the  criticism  of  a  final  revision 
have  gathered,  prepared  and  published. 

A  very  large  amount  of  the  material  which  fomied  the  basis 
of  these  studies  ,and  a  fair  number  of  the  type  and  figured 
specimens  presented  in  the  earlier  volumes  of  the  New  York 
survey,  and  in  the  Reports  of  the  Regents  of  the  University 
are  today  permanently  located  on  the  shelves  of  the  exhibition 
cases  of  the  American  Museum  of  Natural  History.  The  ex- 
haustive catalogue*!"  of  these  alone,  now  partially  prepared  by 
Prof.  R.  P.  Whitfield  and  Dr.  E.  O.  Hovey,  show  their  ex- 
tent, while  associated  with  them  are  numerous  specimens,  and 
many  large  slab  groups  of  species,  the  whole  collection  form- 
ing, certainly  not  a  complete,  but  a  very  instructive  view  of 

•C,  W.  Hayks.  niid  M.  R.  Campiihli..  locnlitv  cited,  p   lai. 
fBaUetln,  American  Muaeum  Natural  Ifistnrp.  vol.  xl. 
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palaeozoic  life.  From  these,  and  the  published  results  of  the 
survey  the  following  conclusions  have  been  drawn.  It  is  true 
that  the  eye  cast  over  a  page  of  expressive  drawings  meets 
more  saliently  relieved  the  physical  characteristics,  size,  orna- 
mentation, shape  and  sculpture  of  fossil  shells  and  organisms 
than  it  does  in  a  line  of  selected  fossils  where  the  number,  the 
surficial  dullness  and  imperfection  perhaps  fail  to  produce  "at 
sight"  the  impression  made  by  luminous  and  exactingly  ex- 
ecuted drawings.  Still  there  can  be  no  question  that  the  "orig- 
inal specimen"  can  never  be  evaded,  and  for  scientific  pur- 
poses it  is  of  incomparable  value.  In  a  field  of  general  obser- 
vation, devoid  of  the  extreme  precision  of  "species  making,"^ 
or  taxonomic  study,  both  figure  and  specimen  can  be  usefully 
studied,  and  in  this  paper,  conceived  as  a  contribution  to  evo- 
lutional studies,  they  have  been  made  to  supplement  each  other,, 
the  lack  of  opportunity  and  material  forcing  me  to  rely  on 
drawings  perhaps  more  confidently  than  I  should. 

Dr.  Sacco  in  his  examination  of  the  Tertiary  mollusca  of 
Piedmont *, has  been  impressed  with  those  gradations  of  form. 

sculpture,  color,  size,  etc.,  which  insensibly  merge  one  species 
into  another,  and  he  deduces  some  general  conclusions,  which 

are  of  interest  in  the  examination  of  any  group  or  succession 
of  groups  of  fossils  at  any  horizon.  He  finds  a  species,  in  a 
typical  condition,  has  grouped  about  it  more  or  less  aberrant 
forms,  referable,  however,  to  it ;  he  thinks,  by  reason  of  prior- 
ity a  variety  of  species  is  given  the  name  which  should  be  as- 
signed to  the  essential  form,  which  through  the  custom  of 
terminology  receives  another  name.  He  finds  some  species 
mutable  and  evanescent,  others  less  changeable  and  dirigible 
only  between  certain  fixed  limits  of  form ;  he  finds  the  ex- 
tremely variable  the  most  vitalized,  and  they  are  those  whicii 
continue  for  a  long  series  of  geological  periods,  as  "their  great 
oscillatory  polymorphism  around  a  typical  form  permits  them 
to  adapt  themselves  to  the  diverse  conditions  which  succeed 
each  other  in  the  same  region,  in  diflPerent  geological  periods," 
while  more  conservative  forms  disappear  or  become  so  fully 
modified,  as  to  form  new  and  serviceable  species.  He  notes 
the  fact  that  upon  ornamented  species  the  progress  of  change 

•Lo   VarlazlonI   dor   ^lollnschl.    Pott.    Fkdkkico    Sacco;   TiuUeiino    <JrUa 
.Soii«ta  Miilacol'fffira  Italiann.      ISO.'t. 
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is  most  evident,  that  litoral  species  are  more  valuable,  less 
stable  than  pelagic  and  abyssal  forms,  that  the  varieties  of  one 
period  develop  into  the  typical  species  of  another,  that  this  de- 
velopment attains  a  surprising  rapidity  in  some  instances,  that 
faunas  disappear,  and  again  later,  under  presumably  similar 
conditions,  reappear.  Dr.  Sacco  finds  that  variations  of  color 
are  less  important  than  those  of  form.  He  dwells,  as  many 
other  observers,  on  the  internal  tendency  and  external  circum- 
stances as  constituting  the  two  influences  determining  change. 
Amongst  the  latter  are  first,  biological  circumstances,  as  nutri- 
tion, enemies,  parasites;  second,  chemical,  as  nature  of  ocean 
floor,  nearness  of  river  mouths,  material  dissolved  in  the  water ; 
third,  physical,  as  light,  conformation  of  the  sea  bottom,  depth, 
temperature;  fourth,  mechanical,  water  movements. 

His  canons  of  judgment  in  estimating  change,  are  the  ad- 
dition or  diminution  of  features,  and  the  gradual  increase  of 
one  feature.  He  insists  on  the  adequacy  of  the  shells  of  mol- 
luscs to  resolve  the  problems  of  this  development.  His  es- 
pecial region  of  research,  the  tertiary  basin  of  Piedmont,  has 
furnished  him  with  a  most  illustrative  exemplification  of  these 
facts  of  variation,  undisturbed  by  conditions  of  immigration, 
branchings,  migration,  etc.  But  he  finds  himself  in  carrying 
on  the  great  work  of  Bellardi,  involved  in  perplexities  of  ter- 
minology as  to  the  limits  and  application  of  the  terms  sub- 
genera, variety,  sub-species,  sub-variety,  forms,  "mutations," 
etc. 

Studies  of  this  nature  amongst  invertebrates  have  en- 
gaged American  palaeontologists,  and  they  have  especially  at- 
tracted the  attention  of  Prof.  Alpheus  Hyatt,  Dr.  R.  T.  Jack- 
son, Prof.  H.  S.  Williams,  Dr.  C.  E.  Beecher,  Prof.  J.  M. 
Qarke  and  Dr.  W.  H.  iDall.  At  present  the  examination  in  its 
entireness  throughout  the  palaeozoics  has  not  reached  conclu- 
sive dimensions,  and  every  additional  contribution,  if  honestly 
conceived,  cannot  be  regarded  as  unwelcome,  unnecessary  or 
inopportune. 

Prof.  H.  S.  Williams  in  Bulletins  3  and  80  of  the  U.  S. 
Geological  Survey  has  discussed  the  changing  facies  of  faunas, 
Devonian  and  Carboniferous,  and  has  indicated  how  variations 
have  followed  slightly  changed  conditions,  and  to  what  ex- 
tent, in  the  area  considered,  groups  of  associated  forms  com- 
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pose  characteristic  biologic  groups  that  seem  to  appear  and 
disappear  with  an  exactitude  that  expresses  their  identical  re- 
lations to  similar  environments.  Indeed  he  says:*  "the  pre- 
cision with  which  correlations  may  be  made  upon  paleontologic 
evidence  is  determined  by  the  knowledge  possessed  of  the  re- 
lations of  the  elements  of  organic  form  to  geologic  age,  so  that 
a  fragment  of  a  fossil  in  the  hands  of  one  who  knows  how  to 
interpret  the  evidence  may  furnish  a  more  correct  diagnosis  of 
the  age  of  the  formati'Ui  than  a  bushel  of  fossils  in  the  hands 
uf  one  ignorant  of  the  laws  of  organic  life  determining  the 
form  of  the  structure  j^roduced/'  He  further  in  this  notable 
essay  alludes  to  the  "laws  of  heredity  and  evolution,"  and  to 
the  "law  «>f  relationship  of  organisms  to  each  other  and  to 
geologic  time.'*  And  he  concludes  "comparisons  of  allied 
species  in  the  same  genus  exhibits  to  him  the  rate  and  direc- 
tion of  modification  taking  ])Iace  in  the  genetic  history  of  the 
genus,  and  in  the  plastic  or  variable  characters  he  finds  a  sen- 
sitive indication  of  the  stage  of  development  attained  by  the 
race  when  the  particular  individual  lived." 

A  contribution  to  the  genetic  relationship  of  the  inverte- 
brate fossils  of  successive  beds  of  the  Tertiary  was  made  in 
1885  by  Dr.  Otto  ^leyert  who  endeavored,  upon  the  relevant 
evidence  of  evolutional  changes,  progressive  in  character,  to 
overturn  the  recognized  succession  of  the  southern  Tertiary 
Eocene.  Tlu'  succession  of  Claiborne  (Middle  Kocene),  Jack- 
son (l'i)per  Eocene),  \'ioksburg  (Oligocene),  which  had  been 
defined  and  established  by  Ililgard,  was  inferentially  reversed, 
and  the  \'icksburg  became  the  olrlest,  and  the  Claiborne  the 
youngest  stratum.  In  this  particular  instance  the  paleontolo- 
gist was  worsted  in  an  encuunter  with  the  less  yielding  and  less 
Mii)i)<>sititi(>us  (lata  n\  ilu'  straligraplier.S  l»nl  Dr.  Meyer's 
contributiim  lost  n«nH*  of  its  intrrest,  because  of  a  mistaken  in- 
teri)retation,  as  an  index  of  ilu'  aj)j)lication  of  biological  in- 
ferences to  the  (jueslions  of  stratigrai)hy ;  at  least  Dr.  Meyer's 
genealogical  table  was  in  the  nature  of  a  remonstrance  against 
wholesaK*  spirits  making,  and  was  a  stalwart  introduction  of 

•("onrlaf Ii»n    l'aiipr>t.    I>«'Viii)ian    ami    <'urIn.iilf«'rrMis,    by    IIknry    Shalku 
Williams;  ItuUttin  so  r.  X.  iho}.  Surr.,  p.  Jtl.'t. 

i  Atnrr.  Jnurnal  Sri.  atnl   \rt..  Vols.  xxiv.  niirt  xxx.;  pp.  457,  CO,  421. 

;Sr»'    i:.    W.    HiiiiAKP.   Till'   « Hil    Trfi  iary    of    iho    Soinli\v»»Ht,    Amcr.   Jour. 
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the  theory  of  derivation  into  geological  problems. 

Dr.  Meyer's  conclusions  were  based  upon  relationships  of 
fauna,  as  that  the  lowest  Claiborne  is  more  nearly  related  in 
faunal  features  to  the  Jackson,  than  is  the  highest  Claiborne, 
etc. ;  and  upon  a  study  of  variations,  where  it  was  tacitly  as- 
sumed that  the  typical  form  of  a  species  varied  from  its  first 
characters  progressively  in  time,  giving  rise  to  new  species, 
as  the  original  or  ab-original  forms  disappeared.* 

Dr.  Jackson  in  his  now  well  known  essay  on  the  "Phylog- 
eny  of  the  Pelecypoda"t  has  engaged  in  the  difficult  labor  of 
disentangling  a  line  of  descent  for  the  Aviculidae  from  a  hypo- 
thetical nuculoid  shell  and  a  problematic  genus  Rhombopteria 
which  he  placed  in  the  Lower  Silurian  and  from  which 
through  divergent  branches  of  descent  incorporating  the 
Devonian  genera  Actinopteria,  Ptychopteria,  Pterinopecten, 
Aviculoi)ectcn,  Crenipecten,  Lyriopecten,  Pcmopecten  (?),  he 
reaches  Pecten,  Spondylus,  Plicatula,  Placuanomia,  Placuna, 
Pcrna,  Ostrea,  Vulsella  Meleagurina,  Malleus.  This  compre- 
hensive examination  of  a  special  section  was  directed  to  the 
elucidation  of  a  question  of  descent,  and  indicated  no  general- 
izations less  exclusive  than  the  origin  and  development  of  this 
group  of  shells. 

Also  in  Jackson's  and  Jaggar's  Studies  of  Melonites  mul- 
tiporus,  and  in  the  former's  elaborate  investigation  of  the 
PalaeechinoideaJ  the  biologic  processes  of  development  and 
the  morphological  scheme  of  tesselation  in  the  test  the  field  of 
observation  was  necessarily  restricted.  In  general  treatises 
such  as  Gaudry'sif  Les  Enchainements  du  Monde  Animal,  the 
speculative  conclusions  of  evolutional  relationship  are  only 
dwelt  upon  in  the  general  outlines  of  animal  genealogy. 

In  any  general  reference  to  studies  of  this  nature.  Dr. 
Beecher's  essays  on  the  Development  of  the  Brachiopoda, 
Prof.  Hyatt's  work  on  the  Phylogeny  of  the  Cephalopoda,  and 
Dr.  Hall's  "Hinge  of  Pelecypods  and  its  Development"  must 
be   remembered.      These   are   special    treatises   dealing,   with 

*A  similar  mistaken  inference  with  regard  to  the  zoological  sequence 
in  the  (  ambt-lan  faunas,  caused,  for  a  long  time,  ns  Dr.  Walcott  has  exniained. 
the  soperposition  of  the  olenellus  beds  over  those  carrying  Paradoxides. 

flfcm.  Boston  Hoe.  Xat.  Hist.,  vol.  Iv..  p.  277. 

tBull.  Gcol   8oc.  America,  toI.  vii.,  1805-6.  pp.  135  and  171. 

5  lies  Enchainements  du  Monde  Animal  dans  les  Temps  Oeologiques :     Fos- 
•lles  I*rlmares. 
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technical  precision,  with  circumscribed  questions.  They  in- 
volve great  special  knowledge  and  are  based  upon  a  careful 
comparison  of  observations  along  a  particular  line  of  zootog- 
ical  inquest.  But  the  search  for  some  general  tendency,  some 
broad  teleological  movement  of  forms,  prevailing  as  a  tec- 
tonic impulse  over  or  through  a  diversity  of  animal  groops 
has  not  been  so  extendedly  followed.  Such  a  search  deals 
only  with  primary  relations,  as  size,  form,  ornamentation,  com- 
plexity, fecundity. 

It  deals  with  more  general  and  simpler  questions  and  it 
seems  reasonable  to  expect  can  be  answered  by  an  inspection 
simply  of  the  work  of  the  specialists.  For,  as  Dr.  Bcechcr  has 
said  (Origin  and  Significance  of  Spines)  "the  history  of  a 
group  of  animals  is  the  same.  The  first  species  are  small  and 
unomamented.  They  increase  in  size,  complexity,  and  diver- 
sity, until  the  culmination,  when  most  of  the  spinose  forms  be- 
gin to  appear.  During  the  decline,  extravagant  tjrpes  are  apt 
to  develop,  and  if  the  end  is  not  then  reached,  the  group  is 
continued  in  the  small  and  unspecialized  species,  which  did  not 
partake  of  the  general  tendency  to  spinous  growth."  An  ad- 
equate comparison  then  of  the  phylogenetic  work  done  in  dif- 
ferent sections  of  animal  life  might  reveal  general  tendencies 
or  laws.  It  is  not  difficult  to  see  that  it  does.  In  this  paper 
the  suggestions  are  derived  from  an  inspection  of  the  Hall 
Collection. 

SIZE  AND  SKELETON   MASS. 

It  is  evident  that  in  any  animal  series  the  primary  mem- 
bers are  small.  It  is  inconceivable  that  a  group  of  animals 
where  the  members  attain  any  considerable  size  can  on  its  first 
appearance  in  geological  time  asstmie  complete  physical  devel- 
opment. An  inspection  of  the  Lower  Cambrian  fatmas  shows 
this  diminutiveness.  With  the  exception  of  trilobites  the 
forms  are  small.  The  genera  Ipliidea,  Acrotreta,  Linnarssonia, 
Lingnlella,  Kntorgina,  Oholella,  Orthisina,  Fordilla,  the  patel- 
loids,  (Scenella,  Stenotheca),  and  the  pteropods(?)  all  ex- 
press molar  immaturity.  Organization  preceded  skeletal 
deposition. 

This  fact  has  considerable  interest  and  appears  to  contain 
suggestions  of  phylogenetic  importance.    If  we  find  in  a  fossil 
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fauna  well  developed  skeletons  or  thickened  hard  parts  (shells. 
carapace,  hinges,  etc.),  we  may  conclude  that  -the  group  rep- 
resented has  attained  functional  equihbriuni,  and  has  existed 
longer  than  similar  organisms  of  less  physical  mass  or  internal 
osseous  or  shelly  deposits.  The  simple  and  obvious  condition 
prevalent  in  individuals  has  an  adumbrant  genetic  application. 

While  it  is  unquestioned  that  favorable  conditions,  stimuli 
both  of  health  and  food,  accelerate  the  deposition  of  hard 
parts,  yet  it  is  certainly  clear  that  age  brings,  of  neces.sity  ac- 
cumulation of  material,  bolh  because  secretion  has  acted 
through  a  longer  period  of  growth,  and  that  in  senility  the 
turgor  of  the  secreting  membranes  so  increases  as  to  give  rise 
to  heavier  depositions  of  mineral  substances  (calcification). 

And  it  seems  a  just  inference  that  at  the  inception  of  a 
group  of  organisms  their  physiological  relations  precede  the 
skeletal  sequels  of  these  relations,  that  if  hard  parts  are  se- 
creted in  the  early  stages  of  an  organism's  history  the  func- 
tion of  their  secretion  increases  by  use,  by  heredity,  through 
time,  and  the  habit  of  forming  them  is  reinforced  and  extended 
as  the  organism  is  geolc^ically  older.  It  is  conceivable  that 
the  mollusca  began  in  shell-less  or  almost  shell-less  organ- 
isms,* tliat  the  acquisition  of  shell,  the  elaboration  of  hinge 
leeth  and  even  the  intcrlamina!  deposition  of  "loops,"  "arms." 
or  internal  appendages  as  mineral  or  hard  parts  was  slowly, 
with  a  slowness  sensibly  reflected  in  their  palxontologtcal 
phases,  consummated.  Or,  in  other  words,  the  appearance  of 
well  developed  hard  parts  internal  or  external,  skeletal  or  teg- 
umentary,  marked  an  evolutional  climax.  This  is  really  an  or- 
dinary assumption.  The  biology  of  the  mollusca,  and  crusta- 
ceans, and  echinodemis  shows  the  secondary  and  subsequent 
development  of  the  hard  parts.  They  are  themselves  sympto- 
matic of  the  finished  pliases  of  embryological  changes.  An  in- 
complete power  of  secretion  must  have  marked  the  earlier 
phases  of  histological  growth.  In  the  evolutionary  process  the 
heavier  armored,  thicker  shelled,  harder  carapace d  organisms 
must  have  followed  the  more  slender  fragile  and  tenuous  cov- 
ered  animals. 

'TnrMtlsBtlon  Bpemn  to  mlnr  to  I.Lnsiiln  nn  n  primat  form  of  brac^h1i>p1>- 
^r  OHtHp^landB  uilt  AuechluaB 
'^I'NR.  Yerhandlungcn  drr  Rtu- 
ZD  St.  PeierHburg.  ISDfi).  Dr. 

._  show  Ihat  the  proeM>ltor  ot 
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Of  course  this  is  a  general  proposition.  Selection  niigfat 
rapidly  augment  the  growth  of  hard  parts  in  some  sections  of 
animal  life,  and  comparative  immunity  from  attack  or  injury, 
retard  or  but  laboriously  develop  them  in  others.  There 
seems  no  advantage  in  either  size  or  mass  except  so  far  as 
one  or  the  other,  or  both,  enable  an  animal  to  resist  destruction 
or  in  predatory  examples,  chase  its  prey. 

The  impression,  very  quickly  and  keenly  felt  in  examining 
Cambrian  fossils,  is  that  they  are  small  and  thin.  The  trilobites 
remain  conspicuously  contrasted  with  their  associated  fauna, 
and  suggestions  are  also  evident  that  the  worms  may  have  been 
large.  The  morphological  impulse  which  produced  large  trilo- 
bites and  worms  and  left  everything  else  small  is  not  without 
interesting  suggestions,  especially  as  the  largest  and  strongest 
examples  are  Middle  or  Lower  Cambrian. 

But  primarily,  is  it  true  that  Cambrian  life  exhibits  diminu- 
tive and  fragile  forms?  It  certainly  seems  to.  There  are  no 
large  brachiopods,  no  corals  of  appreciable  size,  no  large  lamd- 
libranchs,  no  crinoids,  few  and  insignificant  imivalves.  The 
character  of  the  fauna  in  these  respects  is  provisional  and  in- 
troductory. The  examples  of  Brachiopoda  belong  mainly  to 
the  inarticulate  g^oup  wherein  functional  organization  is  high, 
but  the  later  secretatory  activities,  those  which  made  shells, 
loops,  teeth,  etc.,  which  became  excited  and  specialized  under 
new  conditions  or  accidents,  were  yet  dormant.  Dr.  Walcott, 
in  his  "Fauna  of  the  Lower  Cambrian  or  Olenellus  Zone/*  has 
furnished  a  review  and  exposition  of  what  is  known  of  the 
fauna  of  this  early  age.  It  presents  a  scattered  and  broken  out- 
line, as  from  the  circumstances  was  inevitable,  of  the  inverte- 
brate forms  of  life.  It  can  be,  as  far  as  research  has  gone, 
neither  full  nor  complete.  The  forms  of  life  are  small  and 
feeble.  The  trilobites  alone,  and  the  worms,  present  evidences 
of  abundance  and  development  and  strength. 

In  the  Hall  cabinet  Lingnlepis  pinniformis,  Obolella  polita, 
Lingulella  mosia,  L.  aurora,  L.  stoneana,  in  the  western  Pots- 
dam are  numerous  and  indicate  zones  or  areas  of  successful 
multiplication.  In  the  Troy  limestone  beds  Lingnlepis  mini- 
ma, L  antiqua,  and  Obolella  prima  seem  also  plentiful.  The 
trilobites  present  in  the  western  sandstones  the  familiar  feature 
of  great  numbers.     The  annelidan  indications  are  necessarily 
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suggestive,  but  in  Scolithus  linearis,  ArenicoHtes  woodi.  the 
Myrianiles  and  Ncreograptus  of  Watcrville,  Kennebec  R., 
Maine,  we  have  plentiful  evidence  of  their  wide  distribution. 

The  significance  of  the  trilobites  and  the  striking  annelid 
indications  cannot  be  overlooked,  Before  passing  to  these  the 
thought  of  Size  and  Mass,  in  connection  with  development,  sug- 
gests, with  reference  to  trilobites,  an  idea  of  discrimination  in 
regard  to  age.  If  the  development  of  exoskeletons,  hard  parts, 
hinges  and  bony  or  chilinous  coverings,  is  a  mark  of  advanced 
biogenetic  age,  then  as  between  two  groups  of  trilobites  whose 
relative  antiquity  is  under  discussion  that  group  which  presents 
the  greater  surface  of  such  members  is  the  younger.  Should 
such  a  consideration  have  led  a  priori  to  the  assumption  of  the 
greater  age  of  Oienellus  as  compared  with  Paradoxides,  because 
of  the  marked  pygidial  enlargements  in  the  latter  over  the  for- 
mer? For  in  Oienellus  the  lateral  lobes  of  the  pygidium  are 
absent,  the  axis  alone  remaining,  while  slight  pygidial  wings 
are  incipient  in  Paradoxides.  The  growth  of  pygidia  is  notice- 
able in  the  trilobites  of  the  higher  Cambrian  series,  as  in  Pty- 
choparia  (Conocephalitea),  Dicelloccphalus  &c. 

In  Agnostus  and  Microdiscns  the  dual  development  of 
head  and  tail  is  certainly  conspicuous,  but  their  category  of 
growth  and  relationship  is  entirely  different  from  the  mul- 
tipleural  forms  represented  in  Paradoxides  and  Oienellus. 
Olehoides  shows  also  a  uniform  growth  of  head  and  tail.  The 
impression  given  by  a  study  o£  these  early  trilobites  is  that  they 
were  separated  in  habits  of  life  into  two  groups,  a  rapidly  mov- 
ing nautory  group  like  Oienellus,  Protypus  and  Paradoxides 
with  well  developed  head  shields  from  mechanical  reaction 
against  pressure,  and  a  sedentary  group  in  which  glabella  and 
pygidium  were  more  evenly  related.  And  that  between  these 
extremes  Conocoryphe,  Ptychoparia,  Ellipsocephahis,  Agrau- 
los,  etc.,  presented  a  less  determined  phase  of  activity  or  rest. 
These  considerations,  of  course,  have  no  reference  to  their  mor- 
phological afKnities.  There  is  certainly  a  definable  relation  be- 
tween activity  and  cellular  deposition  of  hard  parts.  Embry- 
olt^y  proves  that.  The  early  stages  of  many  sessile  organisms, 
which  develop  in  their  maturity  hard  parts  and  more  or  less 
signi6cant  exoskeletons,  are  marked  by  great  motility  and  ex- 
cursive power.     Such  are  the  free-swimming  larvae  of  the  Mol- 
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lusca,  the  Pluteus  of  the  echinoderms,  the  Nauplius  and  Zoea 
of  crustaceans. 

At  any  rate  in  looking  over  this  phase  of  fossil  forms  in 
the  Hall  collection  the  skeletal  development  of  the  trilobites  is 
an  impressive  fact. 

If  we  take  the  enumeration  of  sp>ecies  given  by  Walcott  in 
Bulletin  U.  S.  Geological  Survey  No.  30,  we  find  the  relative 
percentages  of  the  zoological  elements  of  the  Cambrian  faunas 
in  North  America  to  be  as  follows : 

Algae    2.30    Brachiopoda   17^ 

Spongiae   3.30     Lamellibranchs JI5 

Hydroxoa    1.27    Gasteropoda  7^37 

Grinoidea    76     Pteropoda  5^ 

Afmelida   '. 1.27    Crustaceans    3^1 

Trilobites    5750 

The  number  of  species  in  the  trilobites  more  than  equals,  in 
its  percentage  of  all  (?)  tabulated  species,  that  of  all  the  re- 
maining forms  of  life.  And  when  we  consider  their  numerical 
proportion  in  individuals,  and  examine  the  blocks  of  friabk 
sandstone  from  St.  Croix  or  Trempeleau,  Wis.,  we  find  they 
rival  in  individual  enumeration  the  brachiopods.  In  short  the 
trilobites  in  the  Cambrian  clay  clearly  suggest  biological  prefer- 
ment. 

In  the  ninth  lecture  in  Dr.  Brooks'  series  on  the  Founda- 
tions of  Zoology  wherein  the  question  discussed  is  natural  se- 
lection and  the  antiquity  of  life,  the  author  places,  after  the  ini- 
tial stages  of  zoological  development,  the  scene  of  the  faunal 
growth  on  the  floor  of  the  ocean.  He  says,  "I  shall  g^ve  reasons 
for  seeing,  in  the  Lower  Cambrian,  another  period  of  rapid 
change,  when  a  new  factor — the  discover}^  of  the  bottom  of  the 
ocean — began  to  act  in  the  modification  of  species,  and  I  shall 
try  to  show  that,  while  animal  life  was  abundant  long  before, 
the  evolution  of  animals  likely  to  be  preserved  as  fossils  took 
[>lacc  with  comparative  rapidity,  and  that  the  zoological  feat- 
ures of  the  Lower  Cambrian  are  of  such  a  character  as  to  in- 
dicate that  it  is  a  decided  and  unmistakable  approximation  to 
the  primitive  fauna  of  the  lx)ttom,  beyond  which  life  was  rep- 
resented only  by  minute  and  simple  surface  animals  not  likely 
to  be  preserved  as  fossils."  Dr.  Brooks'  assertion  that  "on  the 
(Ai\  Cambrian  shore  the  same  opportunity  to  study  the  embri'- 
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ology  and  anatomy  of  pteropods,  and  the  gasteropods  and 
lamellibranchs,  of  Crustacea  and  Medusae,  echinoderms,  and 
brachiopods,  that  he  now  has  at  a  marine  laboratory"  seems,  if 
literally  interpreted,  misleading.  Neither  is  the  assumption  of 
a  sea  bottom,  in  any  abyssal  sense,  for  the  Cambrian  fauna,  at 
all  warranted.  The  fossils  are  found  for  the  most  part  in  shore 
and  off-shore  deposits.  In  looking  over  the  Cambrian  speci- 
mens in  the  Hall  collection  Dr.  Brooks'  speculation,  taken  in 
connection  with  suggestions  made  by  Simroth,  (Entstehung  der 
Landthiere),  give  however  a  peculiarly  fascinating  provoca- 
tion for  a  supplementary  ^sumption.  In  a  passage  of  Sim- 
roth's  of  much  interest  the  following  observation  occurs :  "/t 
priori  the  contact  of  both  (land  and  sea)  must  form  the  prob- 
able area  of  the  original  creation,  where  both  e3sential  factors 
engaged  each  other.  Therefore  the  oceanic  Bathybius,  already 
discredited  by  observation,  would  be  found,  as  source  of  life, 
theoretically  impossible  or  at  least  improbable.  And  it  re- 
mains to  ask  where,  in  that  plane  of  contact  between  the  atmos- 
phere and  the  hydrosphere,  the  most  strenuous  exchange  unin- 
terruptedly occurred,  whether  on  the  open  sea,  or  in  the  coast 
line.  The  answer  to  me  appears  unqualifiecHy  to  indicate  the 
latter.  If  we  assign,  as  has  been  done,  to  th^  g[reat  waves  of  the 
ocean  a  breathing  function,  then  the  surface  of  the  lung  pass- 
ages through  whose  agency  the  respiration  is  effected,  must  be 
sought  in  the  tireless  movements  along  the  shore,  which  would 
be  assisted  by  the  foam-masses  of  the  free  waves,  even  if  only 
intermittently  aided  by  stronger  breezes.  In  the  high  seas,  air 
and  water  come  in  contact  with  one  another,  but  at  the  beach, 
water  and  land,  and  here  the  saturation  with  gas  and  mineral 
solutions  is  equal.  But  as  it  is  from  these  opposite  elements  all 
interaction  issues  and  depends,  then  at  this  position  the  centers 
are  to  be  sought  from  which  the  organic  impulse  took  its  rise, 
radiating  in  two  directions,  seaward  and  landward." 

Such  a  provisional  locus  for  the  inception  of  life  might  have 
resulted,  at  that  moment  when  the  cooling  elements  had  ac- 
quired a  proper  chemical  intricacy,  for  its  creation,  in  a  series 
of  protistic  bodies  such  as  Pfluger  has  assumed,  unreasonably 
it  seems,  existed  in  one  great  single  concretion.  He  says,  **ac- 
cordingly  I  would  say  that  the  first  proteid  to  arise  was  living 
matter,  endowed  in  all  its  radicals  with  the  property  of  vigor- 
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ously  attracting  similar  constituents,  adding  them  chemically 
to  its  molecule,  and  thus  growing  ad  infinitum.  According  to 
this  idea  living  proteid  does  not  need  to  have  a  constant  mole- 
cular weight ;  it  is  a  huge  molecule  undergoing  constant  never- 
ending  formation  and  constant  decomposition  and  probably  be- 
haves toward  the  usual  chemical  molecules  as  the  same  behave 
towards  small  meteors/' 

These  protistic  bodies,*  formed  at  the  margins  of  the  in- 
sular masses  in  the  primeval  ocean,  and  beginning  the  develop- 
ment of  derivative  forms  shoreward  and  seaward  as  Simroth 
suggests,  originated  two  fauna!  expressions,  an  annelidean 
type  along  shore,  a  molluscan  type  in  deeper  water,  and  this 
deeper  water  fauna  shows,  at  least  in  its  totality,  an  increase  in 
size  and  skeletal  mass.  Do  not  these  Cambrian  remains  lend 
support  to  these  curious  propositions? 

In  Europe  practically  the  Cambrian  rocks  are  shore  de- 
posits. Their  general  character  has  been  summarized  by 
Geikie  as  follows,  "the  rocks  of  the  Cambrian  system  present 
considerable  uniformity  of  lithological  character  over  the  globe. 
They  consist  of  gray  and  reddish  grits  or  greywackes,  quartz- 
ites  and  conglomerates,  with  shales,  slates,  phyllites  or  schists, 
and  sometimes  thick  masses  of  limestone.  Their  false  bedding, 
ripple  marks,  and  suncracks  indicate  deposit  in  shallow  water 
and  occasional  exposure  of  littoral  surfaces  to  dessication." 
In  America,  as  is  well  known,  the  limestone  beds  are  well 
marked.  At  Troy,  New  York,  Rutland,  Vt.,  and  in  Nevada, 
Cambrian  limestone  strata  have  been  described  by  Ford,  WolflF, 
Foerste,  and  Walcott.  Limestone  beds  of  this  age  also  occur 
in  the  St.  Lawrence  valley,  in  Newfoundland,  in  Arizona  and 
Utah. 

But  these  limestone  beds  though  they  may  be  regarded  as 
distinctively  belonging  to  offshore  or  deep  sea  sedimentation  do 
not  properly  express  the  Cambrian  geological  fades.  They  are 
essentially  exceptional,  sporadic  and  ultra-limital.  They  pre- 
sent an  invasion  of  a  sea,  and  one  in  which  we  believe  was  being 
formed  that  more  adequate  and  complete  molluscan  faunal  ex- 

*In  a  bioloi^lcal  sense  it  Is  not  unreasonable  to  brln^  in  relation  with 
these  the  pre-Cambrlan  radiolarians  and  sponges  fonnd  by  L.  Cayeux  (Bull. 
Boo.  Oeol.  de  France,  1894:  Am.  Soc.  Qeol.  du  Nord,  Vol.  xxill,  1806).  The 
sponges  found  by  M.  Cayeux  were  enclosed  in  phtan>  tes,  and  gave  erldenoe 
of  strong  marine  currents  In  shallow  water. 


Paleontological  Speculations, — Gratacap,  87 

pression  of  the  Ordovician  time.  To  be  sure  the  fossil  remains 
from  these  limestones  are  mainly  Cambrian,  but  apart  from  tlie 
fact  that  these  limestones  have  not  been  thoroughly  explored 
their  relations  to  the  shore  fauna,  (properly  to  be  considered 
Cambrian)  as  an  invasion  of  the  deep  sea  would  have  led  to  the 
deposit  of  Cambrian  genera  and  species  within  them,  while 
their  own  more  characteristic  residents,  beyond  the  continental 
limit,  might  not  have  at  once  followed  them  inland.  The  pter- 
opodous  species  of  these  limestones  are  pelagic  and  might  have 
naturally  moved  shoreward  with  the  deepening  of  the  Cam- 
brian shore-line.  Where  indeed  their  fossil  contents  are  typ- 
ically Cambrian  the  limestone  seems  generally  arenaceous  or 
of  a  shore  origin,  and  in  these  cases  It  is  not  clearly  shown 
that  the  fossils  are  as  numerous  in  individuals  or  species  as 
those  of  the  slates  and  sandstones,  nor  whether  they  represent 
fossilized  individuals  in  situ,  or  current-transported  specimens. 
In  many  cases  the  fossils  of  the  limestone  suggest  the  presence 
of  an  articulated  brachiopodous  fauna,  or  one  of  greater  size 
and  skeletal  mass,  as  contrasted  with  the  inarticulates  of  the 
Cambrian  shallow  waters.  So  in  Ford's  Troy  section  Orthis, 
and  Lcpcrdifia  (Plcctamhonitcs)  appear,  and  in  the  limestones 
of  the  Nevada  sections  the  predominance  of  Agnostus-^  and  Pty- 
choparia  indicates  an  Ordovician  affinity,  while  other  genera  of 
triolbites  fProtypus,  DiceUocephalus,  Olcnoides )  being 
glabellate(  ?)  and  therefore  of  relatively  more  skeletal  mass, 
are  later  forms  than  the  Olenellus  or  Paradoxides  and  point  to 
an  outlying  bath}Tnetric  fauna. 

If  this  proposition  receives  further  corroboration  we  are  pre- 
sented with  a  biological  picture  of  this  sort. 

Along  tlie  Pre-Cambrian  coast-waters  a  process  of  devel- 
opment or  creation,  ensued  from  such  protistic  bodies  as  may 
have  secured  proper  elaboration,  which  resulted  in  a  synthetic 
type  of  annelids.  From  these  in  divergent  directions  came  the 
trilobites  and  the  brachiopods,  the  latter  deviating  into  the 
heavier  shelled  genera  and  families  in  deeper  water,  and  rep- 
resented in  shallower  depths  by  the  ecardines,  the  former  mul- 
tiplying in  swimming  forms  along  the  coast  with  the  more 

*Agno8tii8  ftzteiid£  Into  the  second  fauna  and  also  has  a  very  wide  geo- 
j?ranhl(al  dlstrbutlon  in  the  prlmord'al  rocks.  In  fact  Barande  Htates  the 
tingle  connexion  between  the  primordial  and  the  following  faunse  is  through 
Agnostns. 
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carapaced,  sessile,  and  seminatatory  forms  in  deeper  water. 

This  assumption  is  hardly    violent    to    those    who    have 
watched  the  tendency  of  recent  biological  speculation.     Ernst 
Haeckel  in  his  History  of  Creation  pointed  out  the  archetypal 
character  of  the  metameral  vermes;  '*thc  phylum  of  Womis, 
on  the  other  hand  we  have  to  conceive  as  a  low  bush  or  shrubs 
out  of  whose  root  a  mass  of  independent  branches  shoot  up  in 
different  directions.    From  this  denselv  branched  shrub,  most 
of  the  branches  of  which  are  dead,  there  rise  four  high  stems 
with  many  branches.    These  are  the  four  lofty  trees  just  men- 
tioned as  representing  the  higher  phyla — ^the  echinodermes,  Ar- 
ticulata,  Mollusca,  and  V^ertebrata.    These  four  stems  are  di- 
rectly connected  with  one  another  at  the  root  only,  to-wit,  by 
the  common  primary  group  of  the  Worm  tube."    In  the  com- 
munication of  Prof.  J.  Beard  of  the  Anatomisches  Institut, 
Freiburg,  to  Nature  (Vol.  XXXXIX,  p.  259)  on  "Some  An- 
nelidan  Affinities  in  Ontogeny    of    the    Vertebrate    Nervous 
System"  he  remarks  that  "if  we  are  ever  to  trace  the  ancestr}* 
of  Vertebrates  at  all,  the  nervous  system  will  probably  form  a 
significant  factor  in  the  solution."     But  it  is  the  arthropods 
which  resemble  the  ringed  worms  in  possessing  "a  very  char- 
acteristic  form  of  the  central  nervous  system,  the  so-called  ven- 
tral marrow,  which  commences  in  a  gullet-ring  encircling  the 
mouth."  (Haeckel).    If  the  nervous  system  then  is  an  index  of 
affinity,  it  serves  in  the  case  of  the  crustaceans  to  point  also  to 
their  annelidan  origin.     Gegenbaur   (Comparative  Anatomy) 
shows  that.     He  says  "the  nervous  system  of  the  Arthropoda 
resembles  that  of  the  Annelides  with  which  it  completely  agrees 
in  its  fundamental  characters."    Simroth  says  emphatically  "so 
entirely  can  we  see  the  agreement  of  the  ancient  animals  in  a 
sum  of  features  that,  without  further  effort  to  unite  them,  we 
demand  a  common  root  for  their  common  derivation.     What 
was  this  ?    No  one  can  conceive  of  anything  else  than  an  Anne- 
lid, and  certainly,  because  of  the  development  of  the  necessary 
paropodia  for  the  growth  of  the  articulate  members,  of  a  marine 
Polychaeta." 

The  pre-Cambrian  age  was  the  age  of  Worms.  The  rocks 
of  the  Cambrian  offer  evidence  of  this.  The  annelidan  traces 
in  the  Potsdam  slates  and  sandstones,  shales  and  flags  exceed 
those  of  any  similar  beds  throughout  the  palaeozoics. 
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Scolitliiis  is  prevalent  in  Potsdam  layers,  the  ch 
of  the  Kenebec  river,  Maine,  are  thickly  covered  wilh  lik 
of  worms  (Chaetopods?),  Areiiicolitcs,  as  determint  it- 

field,  fills  broad  spaces  of  the  Karrilxx)  beds  in  Wiscor      .  .  .„.! 
orst  has  indicated  the  numerous  traces  of  annelidaii  tracks  in 
Scandinavian     Cambrian.     Qimactichnites  and     Protichni 
may  all  be  the  reptant  impression  of  large  broad  ringed  worms. 

It  seems  impossible  to  reject  the  patent  suggestions  of  bi- 
ologj'  which  are  thus  partially  reinforced  by  the  indetemiinate 
but  significant  instances  of  fossil  traces. 

In  considering  further  the  hypothetical  picture  of  primor- 
dial zoic  tendencies  the  con  n  seems  obvious  that  in  shallow 
water  forms — the  trilobitei  i  ccardines — we  have  chitinous 
integuments,  in  tlie  deep  water  calcareous,  mainly  presented. 
This  seems  connected  witi  I     histological     peculiarities 

which  no  refinement  of  cl  :ai  biology  can  yet  completely 
touch.  The  contrasting  ;  ..  separative  features  between  a 
shore  and  a  deep-water  e>  ice  are  of  course  primarily  the 
longer  exposure  to  light,  3  a  greater  likelihood  of  mechanical 
violence,  on  the  later  removal  from  these  vicissitudes  and  sub- 
jection to  pressure  with  a  richer  supply  of  dissolved  mineral 
materials- 

Simroth  in  his  interesting  section  "Einfluss  der  Atmosphare 
auf  das  Integument,"  has  offered  some  instructive  parallelisms. 
symptcmiatic,  in  the  case  of  the  shore  animals,  of  the  stages  in 
their  assumption  of  hard  coverings.  The  hardening  of  the 
^idermis  by  exposure  to  air  and  light  led  he  thinks  to  the 
gradual  replacement  of  the  hairy  surfaces  of  the  worms  by 
soft  chitinous  coats,  which  grew  stronger  and  thicker  as  the 
metamorphosis  went  on  and  the  changes  to  such  a  triplicate 
exoskeleton,  as  the  arthropods  possess,  were  completed. 

The  Brachiopoda  have  been  clearly  considered  referable 
to  the  annelid^.  Prof.  Sedgwick  believes  "we  must  assign  to 
the  group  the  position  of  an  independent  phylum  of  the  animal 
kingdcMn  with  afBnities,  by  the  form  of  their  central  nervous 
system  and  by  their  setae,  by  the  presence  of  a  well-developeil 
perivisceral  coelom  and  a  canalicular  haemocoel,  and  by  the 
traces  of  an  imperfect  segmentation,  to  the  Annelida."  We- 
find  therefore  the  phosphatic  thin  shelled  atrematous  Brach- 
iopoda and  the  chitinous  covered  trilobites  well   represented 
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along  the  Cambrian  beach  line,  and  we  are  led  to  accept  for 
them  an  annelidan  origin.  It  is,  as  we  pass  upward  geologically 
in  the  inspection  of  these  classified  fossils  of  the  Hall  collec- 
tion that  we  meet,  in  the  deeper  seas  of  the  Calciferous  gproup, 
a  development  of  si:2e  and  skeletal  mass  in  the  heavy  shelled 
brachiopods,  gasteropods  and  cephalopods. 

If  the  acquirement  of  hard  parts  by  the  shore  fauna  was 
due  to  the  siccative  influences  of  their  position,  their  response 
to  light  stimuli,  and  their  gradual  assumption  of  protective  coats 
against  the  violence  of  waves,  the  more  robust  and  calcareous 
groups  which  succeed  them  may  be  related  to  water  pressure 
and  the  bountiful  supplies  of  dissolved  mineral  elements  in  the 
deeper  seas.  I  do  not  know  where  to  turn  for  evidence  on  this 
point.  Barotaxis  has  been  by  Verwom  distinctly  indidated  as  a 
physiological  agent.  "Every  degree  of  pressure  can  act  as  a 
stimulus,  from  crushing  or  cutting,  which  destroys  the  con- 
tinuity of  the  substance,  down  to  the  slightest  touch  and  the 
most  delicate  change  in  the  pressure  of  the  air  or  the  water 
that  surrounds  the  organism." 

Now  it  is  an  accountable  supposition  that  this  pressure  of 
watier  originally  exercised  a  stimulating  influence  upon  organ- 
isms prepared  to  secrete  shelly  coverings,  and  that  while  on  the 
one  hand  the  crustacean  forms  and  inarticulate  brachiopods  in 
their  evolution  from  annelidan  ancestors  along  the  shores,  de- 
veloped their  thin  chitinous  and  phosphatic  tissues,  the  mol- 
luscan  and  coelenterate  life  in  the  deeper  waters  was  forcing 
its  energies  into  the  manifold  elaboration  of  calcareous  coats 
and  skeletons. 

Dr.  Dall  in  his  address  at  the  anniversary  of  the  Biological 
Society  of  Washington  on  Deep  Sea  MollusV:s  indicated  the 
conditions  prevalent  at  the  sea  bottom.  The  great  hydrostatic 
pressure,  the  presence  of  carbonic  acid,  sub-marine  currents 
both  acting  as  mechanical  sweepers  and  food-cacriers,  darkness, 
the  absence  of  vegetation,  and  a  recourse  for  nourishment  to 
For^minifera  and  the  rain  of  pelagic  organisms  from  the  sur- 
face are  therein  mentioned.  But  perhaps  as  bearing  on  this 
question  of  the  sudden  evolution  of  the  next  fauna  above  the 
Cambrian,  and  which  it  is  intended  here  to  regard  as  of  deep 
sea  origin,  are  his  reflections  on  the  absence  of  conflict  in  the 
abyssal  or  afchibenthal  (semi-abyssal)  regions.    He  said  "the 
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animals  belonging  to  the  Mollusca  which  are  found  in  the 
archibenthal  and  abyssal  regions,  especially  the  latter,  do  not 
live  in  a  perpetual  state  of  conflict  with  one  another.  A  certain 
amount  of  contention  and  destruction  doubtless  goes  on,  but  on 
the  whole  the  struggle  for  existence  is  against  the  peculiar- 
ities of  the  environment  and  not  between  the  individual  mol- 
lusks  of  the  area  concerned.  It  is  an  industriial  community, 
feeding,  propagating  and  dying  in  the  persons  of  its  members 
and  not  a  scene  of  carnage  where  the  strong  preys  upon  his 
molluscan  brother  who  may  chance  to  be  weaker.  Hence  the 
course  of  evolution  and  modification,  though  still  complex,  is 
certainly  much  less  so  than  in  th  shallower  parts  of  the  ocean." 
Now  in  the  early  seas  there  were  probably  no  depths  comparable 
with  the  abyssal  spaces  of  modem  oceans.  The  fauna  which 
arose  and  may  have  been  partially  contemporaneous  with  the 
Cambrian  and  which  as  a  stratigraphic  fact  we  find  overlying 
the  latter,  was  evolved  in  an  offshore,  and  not  necessarily  pro- 
foimd  basin.  If  freedom  from  competition  and  from  destructive 
foes  IS  true  today  in  deep  sea  animals  it  was,  especially  as 
fishes  were  absent,  more  markedly  true  of  these  primal  groups, 
and  this  may  have  produced  that  uniformity,  a  general  evenness 
and  similarity  of  shell-life,  without  strong  or  salient  variations, 
which  certainly  is  apparent  in  the  Cambro-Silurian  beds  of 
fossils. 

At  any  rate  it  is  certain  that  passing  into  the  next  section  of 
the  Hall  fossils  we  encounter  the  evidences  of  a  new  fauna,  one 
especially  emphasized  by  the  discoveries  in  Vermont  of  Profs. 
Brainerd  and  Seely.  It  is  a  limestone  fauna,  a  deep  sea 
fauna,  and  its  development  upon  a  scale  of  such  magnitude 
with  such  diversity  of  fauna,  with  such  a  systematic  zoological 
overthrust  upon  all  Cambrian  precedents,  leads  clearly  to  the 
conclusion  that  its  growth  extended  far  back  in  time  and 
brought  it,  at  its  inception,  into  contemporaneity  with  the  shore 
fauna  of  the  Cambrian  formations.  Size  and  skeletal  mass 
are  now  very  obvious  in  molluscan  life. 

Conditions  of  life  were  probably  identical  with  those  of  to- 
day so  far  as  the  propagation  and  maintenance  of  genera  and 
species  were  concerned,  and,  as  today  extreme  deep  sea  (abys- 
sal) areas  are  inimical  to  animal  abundance,  the  faunas,  suc- 
ceeding the  Cambrian,  if  formed  in  deep  water,  may  have 
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moved  shoreward  upon  a  deepening  of  their  former  habitat 
when  crust  al  shorten  in  j^  or  the  slow  folding  of  synclinal 
troughs,  from  sedimentation,  occurred. 

While  it  seems  naturally  a  fair  speculation  that  the  influ- 
ence of  pressure  would  have  upon  developing  molluscan  or- 
ganisms the  eflfect  of  hastening  their  secretive  functions,  and 
that  such  intluence  might  have  been  the  original  cause  of 
establishing  the  shell  fonning  habits  of  molluscan  animals, 
we  may  further  consider  the  thermal  conditions  of  deep  water 
in  those  early  days.  It  must  have  presented  sensibly  high  ther- 
mal phases,  and,  to  quote  \'erworn,  ''everywhere  in  living 
nature  the  law  is  met  with^  that  within  certain  limits  increasing 
temperature  acts  to  augment  vital  processes." 

This  increase  in  temjx^rature  in  the  first  days  of  oceanic  life 
arose  from  the  convexion  of  heat  radiated  from  the  cooling 
continental  masses.  The  raising  of  lithic  masses  by  contrac- 
tion must  have  imparted  heat  to  the  seas  while  indeed  their 
l>ottom  waters  rested  upon  the  cooled  surfaces  of  an  original 
cosmic  fireball.  It  was  such  thennal  conditions  that  directly 
contributed  to  an  increase  in  the  mineral  constituents  of  the  sea 
water,  and  might  have  in  this  way  also  hastened  the  develop- 
ment of  shelly  parts  in  sea  animals. 

The  Calciferous  sandstone  as  revealed  bv  Hall  was  a  silice- 
ous  shore  deposit,  and  only  the  records  made  in  the  Champlain 
( Seely  and  Brainerd)  basin  display  its  unequivocal  bathic  fea- 
tures. The  fossil  remains  present  a  cephalopodous  and  gas- 
teroiKxlous  fauna.  Rrachiopods  of  sensible  dimensions  and  rep- 
resenting the  articulate  phylum  a])pear,  and  we  find  that  with 
the  exception  of  corals  and  crinoids  the  palaeozoic  biologic  im- 
pulse has  reached  molar  expression.  The  initial  stages  have 
been  far  passed.  The  divergences  in  genera  and  classes  are 
thoroughly  established.  The  partial  introductory  phase  of  the 
Cambrian  day  with  its  eccentric  development  of  trilobitic 
form>  and  its  thin  shelled  brachioixxls  has  been  succeeded  by 
a  innlti various  and  expounding  series  of  organisms  heavily 
armored  in  calcareous  coverings. 

I'Yoni  this  point  onward  throughout  the  palaeozoic  series 
llie  application  of  ihc  signiticance  of  Sice  and  Skeletal  Mass 
is  generally  evident.  Lft  ui>  consider  the  se])arate  fossil 
groups.      I'lie  inarticulate  hrachio])o(ls  present  noticeably  lar- 
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gt-T  forms,  and  in  the  Upper  Silurian  develop  into  the  large 
and  internally  elaborated  Trimerellidae. 

The  size  and  skeletal  mass  of  the  inarticulate  brachiopods 
reached  its  maximmn  in  the  Upper  Silurian.  The  articulate 
brachiopods  show  increasing  size,  and  increasing  internal 
shelly  deposits  (loops,  hinges,  cardinal  areas,  etc.,}  from  the 
Cambro- Silurian  upward.  The  Rhynchoncllidpe,  Orthidas, 
Strophomenidae  gradually  yielded  their  numerical  supremacy, 
while  advancing  themselves  greatly  in  size.  They  become  di- 
minished elements  in  the  fauna  of  the  upper  rocks,  as  they  be- 
come more  numerously  accompanied  by  the  spiriferoids  which 
attain  large  dimensions  in  the  Devonian  and  Carboniferous 
and  exemplify  the  extension  of  interior  calcareous  appendages 
and  hinge  growth.  In  the  Carboniferous  (lower)  the  families 
of  Orthidae  and  Stropheodontidae  also  attain  large  size.  The 
laniellibranchs  increased  in  size  continuously  to  the  Devonian, 
and  through  the  latter  age  became  conspicuously  developed. 
The  gasteropods  attained  large  proportions  in  the  Devonian. 
The  ccphalopods  were,  in  the  straight  forms,  strongly  devel- 
oped quite  early  in  the  series  and  tlirough  the  coiled  genera 
continued  their  growth  and  accretion  to  the  Jurassic,  while  in 
modem  seas  they  have  attained  huge  proportions,  but  without 
shelly  coverings. 

The  crinoids  were  slender,  small  calyxed,  long  ariiied.  in 
the  Lower  Silurian,  and  through  manifold  divergences,  with 
sporadic  and  sudden  offshoots  reached  the  thick,  heavily 
plated,  short  armed,  stout  pedicelled  groups  of  the  Devonian 
and  Carboniferous. 

When  the  separate  genera  or  families  are  examined  this 
prt^rression  of  size  and  skeletal  mass  to  certain  maximum 
points,  followed  by  an  apparent  decrescence  immediately  or 
subsequently  introduced,  is  very  striking.  Its  theoretical  inter- 
est lies  in  the  impossibility  of  referring  this  universal  tendency 
in  molar  character  to  natural  selection,  or  any  series  of  influ- 
ences purely  external  to  the  organism. 

The  considerations  which  warrant  this  conclusion  are  not 
so  much  drawn  from  particular  instances  as  from  the  general 
tendency  throughout  these  animal  fossil  forms.  That  size, 
stronger,  larger  shells,  internal  shelly  partitions,  surfaces  of 
attachment,  hinge  definition  and  interior  branchial  elaborations 
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might  prove  of  material  value  in  Mollusca,  and  through  the 
aggregate  effect  of  stability,  power  of  resistance,  and  mechani- 
cal aptitude  help  any  genius,  enjoying  these  features,  in  the 
struggle  of  survival,  and  so  lead  to  new  and  more  advanced 
developments  of  the  same  elements,  is  quite  possible,  but  it  is 
clear  that  the  fact  of  this  development  of  size,  skeletal  mass, 
etc.,  throughout  the  organic  impulse  in  the  past,  is  more  pro- 
foundly conditioned. 

In  the  first  place  the  perpetuity  of  slight,  small  forms  is 
quite  as  great  as  that  of  larger  forms.  The  Ling^ula  has  out- 
lasted a  wide  range  of  heavier  and  more  imposing  brachiopods, 
and  the  unprotected  cephalopods  survive  the  marvellous 
^'straight  horns"  and  ammonites  of  ancient  seas.  The  frail 
crinoids  of  our  present  ocean  bottoms  continue  a  line  of  de- 
scent quite  contrasted  with  the  well  plated,  high  calyxed,  t^- 
menated,  and  massive  species  of  palaeozoic  time.  Gaster- 
opods  and  lamellibranchs  have  continuously  enlarged  up  to 
present  times,  but  the  mere  aspect  of  size,  thickened  shells  and 
involved  hinges  seems  in  their  case  also  utterly  incomprehen- 
sible on  the  supposition  of  a  survival.  All  the  more  so  as  along 
with  the  increase  there  continues  a  stream  of  small  forms.  It 
shows  a  distant  biogenetic  tendency.  Even  if  natural  selection 
finds  in  increase  of  size  and  molar  complexity  a  field  of  ad- 
vantageous activity  the  continuous  expression  of  these  things 
reveals  an  implanted,  not  a  succedaneous,  motion  in  life,  and, 
partially  at  least,  illustrates  Prof.  Oshom's  dictum  (Cart- 
wright  Lectures,  1892,)  "that  evolution  advances  largely  by 
the  accumulation  of  definite  variations,  or  those  in  which  each 
successive  generation  exhibits  the  same  tendencies  to  depart 
from  the  typical  ancestral  forms  in  certain  parts  of  the  body^ 
and  that  these  tendencies  stand  out  in  relief  among  the  diffused 
kaleidoscopic  or  fortuitous  anomalies." 

It  remains  for  the  conclusion  of  this  iirst  part  of  the  pres- 
ent paper  to  demonstrate  the  fact  of  the  growth  in  size  and 
skeletal  mass  of  the  invertebrate  forms  of  palaeozoic  fossils. 
It  is  true  that  there  is  no  consecutive  line  of  symmetrical 
growth  traceable  upward  with  uninterrupted  precision  to  a 
climax,  with  a  subsequent  regular  decrescence.  It  is  also  true 
that  along  with  growth  in  size  and  solidity  and  skeletal  thick- 
enings and  irre.q-ularities  small  primitive  forms  survive  and 
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new  ones  equally  small  appear.  It  is  true  that  there  are  alter- 
ations and  waves  of  advance  and  retreat,  that  a  group  of 
strongly  developed  organisms  may  be  followed  by  less  de- 
veloped examples  of  the  same  groups.  But  looked  at  broadly 
and  carrying  the  eye  forward  rapidly  the  impression  is  unmis- 
takable that  there  is  a  tendency  to  molar  expansion,  skeletal 
growth,  and  that  from  some  maximum  point  there  may  be 
recession  and  that  both  seem  essentially  independent  of  en- 
vironment, and  are  inexplicable  on  the  assumption  of  the  "Sur- 
vival of  the  Fittest." 

To  begin  with  the  linguloid  and  obelloid  shells  can  be 
traced  upward  to  Trimerella  through  a  series  of  increasing 
size  and  changing  internal  hard  parts  or  shell  buttresses,  while 
nowhere  do  large  sized  individuals  signalize  the  first  appear- 
ance of  a  family.  Dr.  Clarke  in  the  first  particular  instance 
offers  convincing  evidence.  He  points  out  (Pal.  Vol.  VIII., 
Geol.  Surv.,  N.  Y.)  that  a  line  of  succession  from  a  linguloid 
shell. through  two  divergent  lines  can  be  traced  to  the  large 
heavy  Trimerellas  with  internal  platform,  prominent  cardinal 
areas,  solid  and  lengthened  umbo.  One  line  is  through  Lin- 
gulella,  Lingula,  Linguhps,  Lingulasma,  the  second  through 
Obolella,  Obolus,  Elkania  Dinobolus.  Whether  this  is  a  true 
genealogical  series  or  not  it  is  a  very  clear  proof  of  assumption 
of  size  and  skeletal  mass  through  successive  formations,  of  a 
group  of  ecardines,  though  Linguhps  is  a  small  shell,  and 
serves  the  purpose  only  of  advancing  internal  structure.  Lin- 
gulastna,  on  tlie  other  hand,  is  a  quadrate  strong  and  well  de- 
veloped shell,  and,  as  Dr.  Clarke  shows,  is  "to  be  regarded,  in 
unison  witli  other  features,  as  evidence  of  progress  in  the 
assumption  of  the  characters  of  the  large  thick-shelled  Trim- 
erellids."  In  the  other  hypothetical  succession  Obolella  is  a 
small  sub-circular  shell  with  an  area;  Obolus  is  a  large  shelU 
Elkania  is  a  doubtful  link  and  a  small  shell,  Dinobolus  is  a 
large  platform-bearing  shell  and  in  the  American  Niagara  {D, 
Conradi)  presents  approximative  features  to  Trimerella. 

Again  Lingulepis  is  a  primordial  linguloid  shell,  and  is  lim- 
ited in  its  distribution  to  Cambrian  beds,  but  increase  of  size 
is  symptomatic  even  within  these  limits.  The  L.  ntinirna  and 
L,  antiqua  of  the  N.  Y.  Potsdam  are  small,  the  former  an  in- 
conspicuous shell,  whereas  L.  pinniformis,  the  western  form. 
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I  Minnesota;,  is  a  much  larger,  stronger  and  thicker  shell,  and 
the  beds  at  St.  Croix,  where  it  is  so  numerous,  arc  considered 
later  or  Upper  Cambrian,  indeed,  might  be  so  considered  upon 
this  evidence  alone. 

Obolella  is  a  primordial  genus,  but  the  evidence  of  in- 
creased size,  with  geological  age  is  not  at  all  clear.  The  N.  Y. 
species,  O.  crassa,  is  much  larger  than  O.  polita  of  Wisconsin, 
but  if  Lingula  prima  Conrad,  is  Hall's  O.  polita,  as  Prof. 
Whitfield  claims,  the  argument  still  holds  as  the  western  form 
in  this  exact  instance  is  much  larger  than  its  eastern  and  ear- 
lier representative. 

Turning  to  Discina  and  Crania  we  find  this  general  propo- 
sition still  obviously  sustained.  If  under  Discina,  so  far  as  the 
elements  of  this  inquiry-  go,  we  group  the  discinoid  shells 
Discinisca,  Orbiculoidea,  Schizotreta,  Lindstroemella,  Roemer* 
ella,  we  find  the  increase  of  size  well  shown.  The  small  Or- 
biculoideas  of  the  L.  Silurian  becomes  the  large  O  randalli  and 
grand  is  of  the  I>evonian. 

Lingulas  increase  in  their  dimensions  from  their  first  ap- 
jxrarance,  and  it  is  the  acuminate  t>-pe  which  prevailed  in  the 
earliest  faunas  (Qarke)  which  is  succeeded  by  the  broader, 
more  developed  forms,  while,  as  indicated  by  Qarke,  Barroi- 
sella,  with  its  deltidial  hardenings,  coming  in  in  the  Devonian, 
continues  the  Lingula  tx-pe  until  there  is  "an  e\*ident  tendency 
to  span  the  interval  between  the  so-called  inarticulates  and  ar- 
ticulates." 

Trematis,  as  confined  apparently  to  .\merican  Silurian 
faunas,  shows  a  sensible  increase  in  size  and  general  develop- 
ment, it  terminal  is  of  the  Trenton  is  compared  with  mi/fe- 
pu  net  at  a  of  the  Hudson  River  ^oup. 

In  the  articulate  brachiojxjds  this  same  organic  impulse  is 
distinctly  presented.  In  the  feature  of  increasing  articulation 
Dr.  Clarke  has  said,  'Svith  rare  exception  these  modifications 
in  each  group  appear  to  be  progressive,  extending  along  cer- 
tain lines  of  development,  and  finally  acquiring  an  extravagant 
manifestation  which  may  tenninate  abruptly  or- result  in  the 
defeneration  and  o])solesccnce  of  some  of  the  parts." 

The  spiriferoids  reach  a  climax  of  development  in  the  De- 
vonian and  Carboniferous.  The  increased  size  and  the  ampli- 
fif-rl  rardinal  anri  liing-e  features  reaching-  such  complexity  as 
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is  shown  in  Syri$ieothyris,  contrast  with  the  incipient  stages  of 
gfrowth  and  structure  in  the  spirifers  of  the  Silurian. 

The  strophomenoids  from  the  leptaenoid  (RaHncsquina) 
shells  of  the  Silurian  show  a  constant  enlargement  with  var\'- 
ing  offshoots  or  auxilian*  hranches,  to  the  huge  Productus 
and  Stropheodontas  of  the  Devonian  and  Carhoniferous. 

The  first  pentameroid  shells  are  small  and  the  later  spedes 
of  the  Upper  Silurian  attain  magnificent  proportions  with  in- 
creased internal  calcifications. 

As  the  heterogeneous  commixture  of  forms  originally 
placed  under  Orthis  have  undergone  at  Dr.  Clarke's  hands  a 
thorough  revision  and  reassortment,  their  continuit\^  from  for- 
mation to  formation  is  considerably  broken,  and  many  of  the 
new  genera  are  restricted  to  single  formations.  But  in  Platy- 
strophia  (Orthis  biforata,  O.  lynx)  there  is  from  the  Chazy  to 
the  Qinton  and  Niagara,  and  especially  prominent  in  the  Cin- 
cinnati beds  ( Hudson  River )  the  same  obvious  increase  in  size. 
Dalffianella  tcstudinaria  of  the  Trenton  strengthens  into  per- 
clcgans  of  the  Low.  Helderberg,  Rhipidomclla  circulus  of  the 
Clinton  into  R.  burlingtonensis  of  the  Carboniferous,  Schiso- 
phoria  multistriata  of  the  Lower  Helderberg.  The  atr\^id 
Zygospira  becomes  later  enlarged  into  the  true  Atr\'pas,  which 
themselves  in  the  same  species  {A,  reticularis)  persistently  in- 
crease in  size  (see  Clarke's  observations.  Pal.  N.  Y.,  Vol. 
\Tn.,  pt.  IL,  pp.  167-172  K  It  is  unnecessary  to  pursue  a  self- 
evident  contention  further. 

W'aclismutli  and  Sprin«:;or  haw  ex])resse(l  1  North  Ameri- 
can Crinoidea  »  in  crint)iil>  their  nn\\ilhni:fnes>  to  ccMistrnci  a 
gcnealopcal  tree,  "because  such  representations  are  generally 
unsatisfactorv  /'  Pait  in  this  very  (^foneral  proposition  the  evi- 
dence of  an  inspection  of  the  species  from  the  Silurian  to  the 
Carboniferous  shows  conchisively  that  size  and  skeletal  mass 
increased,  and  that  whether  or  not  "palaeozoic  crinoid.v  repre- 
sent, in  a  broad  sense,  the  larval  sta£je>  01  recent  crinoid.s."  the 
movement  in  massiveness  irow.  the  Silurian  tr«  the  Carhoniier- 
ous  is,  amongst  them,  evident.  Tlu  larpft-  heaviix  plate^l 
Euca'tyl^tocrinns  <*\  the  Xiai^fara  wa>  a  sporailic  -rahi^to 
crinidae  I  and  short  lived  development,  hut  it  would  W  :\v.  in- 
supp)ortable  hypothesis  that  FiicaJyphfr^'iiUiS  wa>  ni^.  nnnn- 
nounced  development. 
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The  cephalopods  of  the  Cambro-Silurian  were  smalL  Or- 
thoceras  (Kionoceras)  laqueatum,  O.  sordium,  O.  comu-oryx, 
O.  bilineatum,  O.  explorator  of  the  Chazy  or  Calciferous,  and 
the  species  determined  by  Dwight,  those  of  Billings'  Palaeo- 
zoic fossils  and  Hall's  examples  were  nearly  all  narrow,  short 
species.  In  the  Trenton  the  large  Orthocerata  appear.  Sim- 
ilarly the  Lower  Silurian  Cyrtoceras,  Gomphoceras,  Phrag- 
moceras  precede  the  Niagara  forms  sensibly  heavier  and  more 
developed. 

The  trilobites  which  were  large  in  the  Cambrian,  and  thin 
skinned  (  ?),  become  in  later  ages  more  calcified,  heavier  cara- 
paced,  with  enlarged  pygidia. 

Variant,  as  at  some  points  this  conclusion  may  seem,  the 
conclusion  of  growth  in  size  and  increased  functions  of  mineral 
secretion  is  almost  invariably  forced  upon  us  from  an  inspec- 
tion of  the  fossil  lines  of  growth.  It  utterly  dispenses  witii 
any  claim  of  novelty.  But  it  seems  as  if  it  might  be  more 
generally  recognized  as  a  guide  in  the  correlation  of  the  hori- 
zons, geographically  separated  and  characterized  by  the  same 
fossil  species.  If  we  find  a  fatmal  expression  in  forms  stron^y 
developed,  with  larger  fossils,  and  associated  with  increased 
skeletal  deposition  of  parts,  it  is  a  reasonable  conclusion  that, 
apart  from  any  or  all  considerations  of  improved  food  supply, 
climatic  auspices,  or  freedom  from  enemies,  the  horizon  is  sub- 
sequent to  those  in  other  sections,  possibly  holding  the  same 
species,  in  which  these  fossils  are  less  developed,  generally 
smaller  and  unassociated  with  morphological  complexity. 

Questions  of  correlation  are  deservedly  r^;arded  as  involv- 
ing a  momentous  risk,  in  so  far  as  dogmatic  assertion  goes, 
and  the  hope  entertained  to  find  in  biological  relations  a  defi- 
nite guide  has  been  realized  only  within  indeterminate  limits. 
Huxley's  well  accepted  idea  of  "homotaxis"  shows  the  un- 
reasonableness of  any  exact  inference  as  to  simultaneity  of 
faunas  where  there  are  the  same  fossil  species,  and  writers  on 
correlation  have  recognized  the  precarious  virtue  of  an  appeal 
solely  to  identity  or  similarity  of  specific  forms. 

Russell  •Correlation  Papers:  The  Newark  System)  has 
said,  -the  usefulness  of  the  life  histor>-  of  the  earth  as  a  means 
of  correlating  geological  terranes  is  still  further  complicated 
by  a  principle  inherent  in  life  itself:  that  is,  development  has 
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one  here  suggested  can  be  advantageously  or  safely  adopted  is 
a  matter  for  discussion.  Are  the  molar,  or,  it  might  be  termed, 
the  molecular  features  of  a  fauna  indication  of  comparative 
age?  In  any  case  it  would  be  merely  an  auxiliary  consider- 
ation. It  might  be  easily  misapplied  and  warrants  in  itself 
no  ultimate  decision.     But  is  it  not  helpful? 

Is  it  reasonable  upon  this  suggestion  to  place  the  Spergen 
Hill  beds,  which,  as  Whitfield  has  said,  "contain  an  interming- 
ling of  species  known  to  occur  in  the  Keokuk,  St.  Louis,  and 
Chester  limestones,"  below  any  of  these  from  the  immature 
condition  of  size  and  development  of  these  fossils?  By  no 
means.  The  whole  expression  of  the  Spergen  Hill  fossils,  as 
found  in  the  limestone  beds  is  one  of  repression.  These  depaup- 
erate forms  have  resulted  apparently  from  a  peculiar  fecun- 
dity, or  tidal  concentration,which  has,  under  some  unfavcM*- 
able  conditions,  produced  a  great  number  of  interfering  indi- 
viduals. At  Poynter's  Hill  and  at  Ellettsville,  at  no  great  dis- 
tance from  Spegcn  Hill,  these  same  beds,  with  fewer  fossils, 
show  larger  individuals. 

But,  on  the  other  hand,  it  would  seem  reasonable  to  con- 
clude that  the  western  Hudson  River,  which  as  Hall  long  ago 
observed,  contains  a  fauna  of  brachiopods,  with  corals,  crin- 
oids,  Crustacea  and  trilobites,  and  in  the  same  species  far  more 
developed  than  the  fossils  of  its  eastern  equivalents,  was  later 
than  the  New  York  beds  of  the  same  age. 

(To  be  Continued.) 


'(\E   PLAN  OF  THE  EARTH  AND  ITS  CAUSES* 

^  By  J.  W.  Gregory,  D.Sc..  Melbourne,  An: 

Thk  Variation  ok  Topographic  Form. 

Despite  the  extreme  variability  in  the  shapes  of  the  con- 
tinents and  their  apparently  capricious  distribution,  geogra- 
phers of  all  ages  have  believed  that  the  arrangement  of  land 
and  water  on  the  glol>e  is  based  on  a  regular  plan.  The  plan 
can,  of  course,  only  be  recognized  in  broad  outline,  for  the 
shape  of  the  land-masses  depends  on  the  structure  of  the 
P'arth- forms,  which  vary  indefinitely.    Intricate  mountain  valley 
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systems  open  out  to  wide-flung  rolling  prairie,  stoneless  alluvial 
flats  are  broken  by  the  crags  of  rock  ridges,  volcanic  cones 
stand  isc^ted  like  pyramids  while  mountain  chains  run  thou- 
sands of  miles  unbroken.  Such  contrasts  are  natural,  as  the 
land- forms  are  the  result  of  the  struggle  of  complex  forces 
with  varying  powers  of  attack  against  complex  rock-masses 
formed  of  materials  having  varying  powers  of  resistance. 
Coast-lines,  for  example,  project  where  hard  rocks  repel  the 
surf,  where  rivers  deposit  alluvium  more  quickly  than  the  tide 
can  remove  it,  or  where  the  winds  build  up  sand-dunes,  whose 
vcrv  weakness  disarms  the  waves.  Coast-lines  are  indented 
where  soft  beds  crumble  under  frost  and  rain,  and  where  dom- 
inant winds,  the  inset  of  an  ocean  current,  or  an  undulation  on 
the  sea  floor  directs  a  jet-like  stream  of  water  against  the 
shore.  Topographical  form  depends  on  so  many  incalculable, 
inconsistent  factors  that  the  stages  of  its  growth  are  often  now 
untraceable.  The  missing  links  of  geographical  evolution  are 
indeed  as  numerous  as  those  of  organic  evolution,  and 
the  chapter  of  accidents  is  invoked  by  geographers  to  explain 
difficulties  analogous  to  those  for  which  naturalists  appealed 
to  the  doctrine  of  special  creation.  But  unexplained  differ- 
ences in  the  geographical  units  no  more  disprove  an  orderiy 
progress  in  the  growth  of  the  continents  than  the  existence  of 
isolated,  imexplained  groups  of  animals  is  fatal  to  Darwinism. 
Such  topographical  difFerences  are  of  secondary  importance 
in  contrast  to  the  numerous  coincidences  and  repetitions  of 
the  same  essential  fonn  among  the  get^graphical  units.  Ge<\g- 
raphers  accordingly  have  Ix'lieveii  that  there  is  a  hidden  con- 
tinental symmetry  which,  when  discoveretl.  will  explain  the 
law  that  has  determined  the  distrilniti(^n  of  land  and  water  on 
the  globe. 

This  idea  dates  from  the  dawn  of  geographical  science. 
The  early  classical  geographers  noticed  how  the  seas  radiated 
from  the  Levantine  area,  an«l  opene<l  to  a  broad  boundless 
(3cean.  Thev  accordinirlv  described  the  lan<l  nf  the  irlolv  as  an 
island,  floating  on  a  vast  >urr<»iinding  sea,  whence  channels 
converged  towards  the  luib  oi  the  classical  universe.  Tliis 
radial  plan  reappears  in  tlie  nxdi:eval  wbicel-maps.  in  wb.ioh 
Jerusalem  was  accepts*!  as  il:e  center  '>f  the  world,  w!unce  the 
main  geographical  lines  radiatetl  like  the  six>kes  i^^i  a  wlieel. 
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These  systems  fell  forever  on  the  discovery  of  America, 
which  could  not  be  brought  into  conformity  with  the  radial 
plan  by  even  the  ingenious  devices  of  mediaeval  cartog^phers. 
Later  on  came  an  even  worse  blow.  Geologists  showed  that, 
instead  of  the  land  areas  being  fixed  and  immutable,  they  are 
really  more  fickle  and  less  enduring  than  the  sea.  The  distri- 
bution of  land  is  therefore  constantly  changing,  owing  to  local 
variations  in  its  level.  The  discovery  of  this  truth  seemed  to 
destroy  the  very  basis  of  any  possible  Earth-plan.  Indeed, 
Lyellism,  with  its  essential  doctrine  of  the  alternate  elevation 
and  subsidence  of  the  land  under  the  agency  of  local  causes, 
seemed  inconsistent  with  the  existence  of  any  general  cause 
governing  the  geographical  evolution  of  the  globe  as  a  whole. 

But  a  truer  appreciation  of  this  later  knowledge  did  not 
confirm  these  first  deductions.  America  is  now  used  as  the 
typical  or,  to  borrow  a  biological  phrase,  the  schematic  contin- 
ent. And  when,  remembering  the  probability  of  local  varia- 
tions in  land-level,  allowance  is  made  for  them,  new  resem- 
blances are  revealed,  and  exceptions  that  once  were  serious 
difficulties  are  removed.  For  instance,  the  oceans  all  end  in 
triangles  pointing  to  the  north.  This  is  the  case  with  the  Paci- 
fic, the  two  sections  of  the  Indian  ocean,  and  the  basins  of  the 
Mediterranean.  The  Atlantic  alone  is  broadly  open  at  its 
northern  end.  But  Scotland  and  Iceland  are  connected  by  a 
submerged  ridge,  which  is  said  to  be  capped  by  a  line  of  old 
moraine.  If  this  ridge  were  raised  to  sea-level,  the  Atlantic 
would  conform  to  the  general  rule  by  tapering  northward  to  a 
point  between  Iceland  and  Greenland. 

Similarly  with  the  land-masses.  There  seems  at  first  sight 
no  resemblance  in  shape  between  the  Old  World  and  the  New. 
But  the  Old  World  is  divided  into  halves  by  a  band  of  lowland, 
which  extends  southward  from  the  Arctic  ocean  to  the  Cas- 
pian, and  northward  from  the  Arabian  sea  up  the  Persian  g^lf. 
There  is  evidence  to  show  that  the  sea  recently  covered  these 
northern  lowlands  and  occupied  the  Persian  depression ;  while 
somewhat  earlier,  in  the  Miocene  times,  the  intervening  ridge 
was  also  submerg^ed.  Restore  these  conditions,  and  the  conti- 
nents would  occur  as  three  meridional  belts,  each  broken 
across  bv  transverse  Mediterranean  seas,  viz.  North  and 
South  America  separated  by  the  Caribbean  depression ;  Europe 
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and  Africa  (the  Eurairka  of  Prof-  Lapwocth)  separated  by 
the  Mcdrtcrrancan :  Asia  and  Aufltraiasia  <Ii\-idcd  by  the 
Malaysian  iol(I&- 

Heoce  ihc  oscillating  character  of  the  land,  which  appeared 
iatai  la  the  old  faith  in  an  Earth-plan,  helps  to  justify  it,  now 
that  oceanagtsphy  and  geology  liave  shown  us  how  mudi  to 
aUo«-  for  the  obwuring;  action  of  these  changes  of  level. 

But  it  is  inadTisable,  in  attempting  to  cxplwn  the  exiMing 
plan  of  the  Earth,  to  introduce  any  alterations  in  the  distriho- 
tion  of  land  and  u-atcr.  For,  althoug^h  a  geologist  may  have 
no  doubt  about  stich  assumed  changes,  he  cannrii  expect  geog- 
raphers to  have  an  equal  faith  in  them,  or  even  to  take  nnidi 
interest  in  a  wtirld  thus  modi6cd.  The  geographer  is  con- 
cerned with  the  ousting  arrangcmeni  of  the  world,  and  not 
with  the  morr  or  le«»  proHemaucal  plans  of  iormer  3ge&.  The 
introdnctioo  of  earlier  and  more  primitive  geographical  CTS- 
tems.  ihongh  it  wmild  snnplify  the  question,  is  unnecessary, 
since  the  exisuaice  of  a  present  Earth-plan  is  clearly  revealed  by 
three  strilanc  facts. 

laEOGKArBICAL  S\'MMfni(V. 

Two  of  these  bets  are  staled  in  every  geo(>Tapbtca]  tcxt- 
hxik.  The>  are  evident  on  the  mo^t  ca.<iua]  examination  of  a 
map.  Thr  fiv^  i'  thr  rrnnrtncratifn  rif  lanrl  in  iht-  i>'>rthem. 
and  of  sea  in  the  soothem  hemisphere.  TTie  second  is  the 
triangular  shape  of  the  geographica]  units.  The  continents 
arc  triangfular,  with  the  bases  to  the  north.  The  oceans  are  tri- 
angular with  the  bases  to  the  south.  Accordingly  the  land  forms 
as  almost  complete  ring  round  the  north  pole,  and  from  this 
land-ring  three  continents  project  southwards.  The  oceans 
form  a  contimious  ring  round  the  south  pole,  and  frtmi  it 
three  oceans  project  northward  into  the  angles  between  the 
continents.  The  behs  of  sea  and  land  are  fixed  on  the  Earth's 
axis  like  a  pair  of  cc^-wheeis  with  interlocking  teeth.  These 
two  behs  may  be  referred  to  a,s  the  norrhem  land-belt  and 
southern  oceanic-belt. 

The  third  striking  feature  in  the  Earth's  physiopnomv  is 
less  coD^cnous.  but  is  even  mort  sipnificant.  ll  i>  tainwn  as 
the  antipodal  arraneement  of  ocearf.  and  continents.  Ii  is 
most  easily  iecognized  by  examination  ni  a  glnhe ;  but  it  can 
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easily  be  illustrated  by  a  plain  map.  The  antipodes  of  a  point 
in  the  center  of  the  continent  of  North  America  occurs  in  the  In- 
dian ocean ;  and  if  we  mark  on  a  map  the  antipodes  of  all  the 
points  in  North  America,  we  should  find  that  the  whole  of  that 
continent  is  exactly  antipodal  to  the  Indian  ocean.  Similarly, 
the  elliptical  mass  of  Europe  and  Africa  is  antipodal  to  the 
central  area  of  the  Pacific  ocean ;  the  comparatively  small  con- 
tinent Australia  is  antipodal  to  the  comparatively  small 
basin  of  the  North  Atlantic ;  the  South  Atlantic  corresponds — 


thoiiffli  less  exactly — to  the  eastern  half  of  Asia ;  and  the  Arctic 
i>cean  is  precisely  antipo<lal  to  the  Antarctic  land. 

These,  then,  are  the  three  fundamental  facts  in  the  c.\isting 
plan  of  the  Rlohe.  Our  main  problem  is.  \Vh_\'  are  the  geo- 
graphical flenienis  thus  shaped  and  thus  distribute<l  ? 


TIIK  EAKTII  S 


SHKl-LS. 


It  :^iiuplitios  the  -iiatoiufnt  nf  thv  pnibkin  to  remember  that 
the  J'^arlli  consists  of  llirw  parts :  tliore  is  the  vast  unknown  in- 
terior, or  "ccnlrDsphcTO,"  concfrniujj;  which  physicists  have  not 
come  (oany  unaiiiiuims  ilecision,  smni'  sayiiiK  that  it  is  through- 
out solid  and  rigid,  others  that  it  is  i)arlly  thiid.  and  others  again 
that  it  is  partlv  },'ascous.  This  iutcritir  mass  is  enclosed  by  a 
shfll  ttinuL-d  of  two  layi-rs.  tho  solid  crust,  or  "lithosphere,"  and 
tlK-  m-eanic  laver.  nr  "liyi|ros])lKTe."  It  is  jnssiblc  that  at 
tlrst    tlic    twii    layers    cif  the  shell  were  regular  and  uniform, 
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in  which  case  the  whole  world  was  covered  by  a  universal 
ocean;  but  before  the  dawn  of  geological  history,  this  ar- 
rangement had  been  disturbed  by  the  formation  of  irregular- 
ities in  the  surface  of  the  lithosphere.  Dry  land  appeared  at 
the  areas  of  elevation,  and  the  wate»s  gathered  together  into 
the  intervening  depressions. 

The  problem,  then,  of  the  distribution  of  land  and  water 
on  the  globe  is  the  problem  of  the  distribution  of  irregularities 
in  the  surface  of  the  lithosphere.  We  are  accordingly  at  once 
brought  face  to  face  with  the  question,  When  were  the  existing 
irregularities  made?  If,  as  many  authorities  say,  these  de- 
pressions date  from  the  earliest  days  of  the  Earth's  history, 
and  have  lasted  unchanged  in  position  throughout  geological 
time,  then  we  are  thrown  back  upon  some  cause  which  acted 
when  the  Earth  was  in  its  infancy.  In  that  case  the  question 
is  astronomical  and  physical,  instead  of  geological  and  geo- 
graphical. 

PRE-GEOLOGICAL  GEOGR.APHY. 

There  have  been  several  attempts  to  solve  the  question  as- 
tronomically, of  which  the  most  important  is  that  of  Prof.  G. 
H.  Darwin.  According  to  his  luminous  theory,  the  tidal  action 
of  the  sun  on  the  viscous  earth  formed  two  protuberances  at 
opposite  points  of  the  equator ;  one  of  the  protuberances  broke 
away  and  solidified  as  the  moon,  which  revolved  around  the 
earth  much  nearer  than  at  present.  As  a  new  equatorial 
protuberance  formed  the  moon  pulled  it  backward,  thus  caus- 
ing a  series  of  wrinkles  in  the  earths'  crust,  which  persist  as 
the  main  structural  lines  of  the  continents.  These  wrinkles 
ran  at  first  north  and  south  from  the  equator.  But  owing  to 
the  moon's  strong  pull  on  the  equatorial  girdle,  this  part  of 
the  earth  would  tend  to  revolve  more  slowly  than  the  polar 
regions.  Hence  the  primitive  wrinkles  were  deformed;  in- 
stead of  l)eing  meridional  in  direction,  they  would  trend  north- 
easterly in  the  northern  hemisphere,  and  southeasterly  in  the 
southern  hemisphere.  Prof.  Darwin  ix)ints  out  that  some  of 
the  most  striking  geographical  lines  on  the  earth  run  in  ac- 
cordance with  this  plan.  He  instances  the  eastern  coast  of 
North  America,  the  western  coast  of  Europe,  part  of  the  coast 
of  China,  and  the  southern  part  of  South  America.     But,  with 
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characteristically  Darwinian  frankness,  he  does  not  overpress 
the  facts,  admits  that  the  resemblances  are  not  so  convincing 
as  they  might  be,  and  that  some  cases,  e.  g,  the  western  coast 
of  North  America,  are  absolutely  inconsistent  with  the  scheme. 

Another  theory  that  attributes  the  formation  of  the  main 
geographical  lines  to  pre-geological  incidents  is  given  in  a  pa- 
per by  Prinz,  "Sur  les  similitudes  que  presentent  les  cartes  ter- 
restes  et  Planetaires,"  which  elaborates  and  gives  an  astro- 
nomical basis  to  ideas  previously  suggested  by  Lowthian 
Green  and  Daubree.  His  theory  is  that  the  northern  part  of 
the  earth  had  a  lower  angular  velocity  than  the  equatorial  and 
southern  regions.  Therefore  the  land  masses  in  the  southern 
hemisphere  were  gradually  pushed  forward  towards  the  east. 
The  line  between  the  northern  retarded  hemisphere  and  the 
southern  swifter  hemisphere  is  the  great  line  of  weakness  and 
fracture  that  runs  from  the  Caribbean  along  the  Mediterrane- 
an, down  the  Persian  gulf  and  across  Malayasia.  Prinz  has 
drawn  a  map  (Fig.  2)  showing  how  the  main  geographical 
lines  agree  with  his  assumed  lines  of  torsion. 

This  map  is  interesting,  for  these  primitve  torsion  wrinkles 
must  have  been  fonned  in  the  same  period  as  Prof.  Darwin's 
primitive  tidal  wrinkles.  It  is  significant  that  the  lines  do  not 
corresixDnd.  The  chief  geographical  lines  which  Darwin 
claims  as  his  primitive  wrinkles  are  inexplicable  on  Prinz's 
theory,  and  the  great  lines  which  Prinz  claims  to  support  his 
wrinkling  are  opposed  to  those  of  Darwin.  The  geographical 
primitive  lines  of  the  two  theories  are  often  contradictory. 

A  third  theory  assi^ming  the  geographical  distribution  to 
very  ancient  causes  has  been  proi)osed  by  Prof.  Lapworth.  In 
an  address  to  the  geographical  section  of  the  British  Associa- 
tion in  i8i>2,  and  in  a  brilliant  lecture  on  "The  Face  of  the 
Karlh."  delivered  to  the  Royal  Geographical  Society  in  1894, 
Lapworth  attributed  the  arrangement  of  (veans  and  continents 
to  an  intercros.sing  series  of  ))rimitive  earth-folds.  The  oceans, 
according  to  this  ihe«>ry.  ixxnipy  ancient  basins  of  depression; 
and  the  cimtiuMUal  masses  are  domes  of  elevation. 

"'J'he  surface  of  the  earth-crust  at  the  i)resent  dav."  says 
Lapwc^rth.  "is  most  simply  res^anleil  as  the  surface  of  a  con- 
tinuous sheet  which  has  been  warped  up  by  two  sets  of  undu- 
lations cros^ini;-  each  other  ;it  rii^^lu  antjles.    .    .    .    The  one  set 
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ranges  parallel  with  the  equator,  and  the  other  ranges  from 
pole  to  pole."  Prof.  Lapworth  contends  that  the  intersecting 
of  two  simultaneous  orthogonal  sets  of  undulations  explains 


GEOGRAPHICAL 


the  forms  and  dispositions  of  the  continents,  the  triangular 
shapes  of  their  extremities,  the  diagonal  trend  of  their  shores, 
and  the  course  of  the  linear  archipelagoes.  In  some  interesting 
diagrams  he  suggests  why  the  intersecting  nodal  lines  which 
iTULrk  the  divisions  between  the  areas  of  elevation  and  of  de- 
pression should  coincide  with  the  steep  slopes  that  separate  the 
ocean  floors  and  the  continental  platforms;  and  why  the  exist- 
ing shore  lines  should  so  often  run  diagonally  between  the  me- 
ridians and  parallels. 

This  theory,  and  that  of  Sir  John  Lubbock,  which  also  at- 
tributes the  continental  forms  to  a  double  intercrossing  scries 
of  folds,  have  the  advantage  over  the  astronomical  theories  of 
more  detailed  agreement  with  geographical  facts;  but  Prof. 
Lapworth  has  not,  so  far  as  I  am  aware,  explained  what 
caused  his  intersecting  folds.  His  theory  is  accordingly  less 
complete  than  the  others,  as  it  is  rather  a  statement  of  facts 
than  an  explanation  of  causes. 
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These  su^^estive  theories  are  open  to  one  objection  which 
seems  fatal  to  their  application  to  the  existing  geographical 
plan.  We  should  expect  from  them  that  the  main  geographic- 
al structure  lines  in  the  northern  and  southern  hemispheres 
should  be  either  symmetrically  arranged  qt  continuous  on  both 
sides  of  the  equator.  But  that  the  land  systems  of  the  two 
hemispheres  are  asymmetrical  is  the  most  glaring  fact  in  ge- 
ography. It  may  be  urged  that  the  primitive  folding,  wrink- 
ling and  torsion  formed  a  symmetrical  or  continuous  land  sys- 
tem, and  that  the  asymmetrical  arrangement  is  due  to  later 
movements.  In  that  case  the  theories  are  geographically  in- 
adequate, because  they  give  no  explanation  of  how  the  ex- 
isting geographical  asymmetry  was  developed. 

But  there  is  another  and  still  more  serious  objection  which 
applies  to  all  three  theories.  They  not  only  explain  too  little 
but  they  explain  too  much.  The  primitive  lines  of  these  systems 
often  coincide  with  features  of  modem  development  and  are  in- 
consistent with  the  old  established  geographical  arrangements. 
For  instance,  Prof.  Darwin  quotes  the  trend  of  the  western 
coast  of  Europe  from  Spain  to  Norway  as  in  accordance  with 
his  scheme.  Prinz  makes  the  primitive  line  here  run  exactly 
at  right  angles  to  Darwin-s  line;  and  geological  evidence  fa- 
vors Prinz.  The  coast-line  from  Spain  to  Norway  is  almost 
certainly  of  modem  date,  while  the  lines  wrinkling,  both 
Hercynian  and  Alpine,  run  transversely  to  the  direction  which 
they  ought  to  have  followed  if  due  to  tidal  strain.  Moreover^ 
Prof.  Darwin  quotes  the  western  coast  of  North  America  as  in- 
consistent with  his  theory;  but  that  coast  is  parallel  to  a  line 
of  primitive  wrinkling,  for  there  is  an  archean  protaxis  to  the 
coast  ranges  and  Rocky  mountains. 

Prinz's  torsion  wrinkles  are  no  better.  The  most  striking 
case  of  apparent  agreement  between  his  theory  and  geogra- 
phy is  the  trend  of  the  Andes  and  Rocky  mountains.  Prof. 
Lapworth  also  lays  stress  on  "the  great  Rocky  Mountain- Andes 
fold  .  .  .  the  longest  and  most  continuous  crust-fold  of  the 
present  day."*  The  agreement  was  important  so  long  as  the 
Rocky  mountains  and  the  Andes  were  regarded  as  a  single 


•The  term  "Rocky mountains"!*!  htre apparently  tiscd  for  the  Sietra  Nevada, 
and  Const  Ran^c  serifS  of  British  Columbiii.  The  true  Rocky  motint«in«  are 
at  a  j^reat  distance  (rRtifzinft,  up  to  1000  miles)  from  the  Pacific' coast,  the  trend 
of  which  they  do  not  determine. 
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mountain  system,  connected  into  a  continuous  line  by  a  moun- 
tain axis  running  north  and  south  across  Central  America. 
But  that  axial  mountain  chain  in  Central  America  is  a  myth. 
Central  America  is  traversed  by  a  series  of  ridges  which 
run  east  and  west,  and  not  north  and  south.*  The  watershed, 
it  is  true,  runs  along  the  Pacific  border,  but  that  is  due  to  a 
movement  later  than  the  mountain  ridges  which  are  thus  trun- 
cated. The  continuation  of  the  Andes  is  in  the  mountains  of 
Venezuela,  not  in  North  America  or  the  Sierra  Nevada.  The 
Andes  and  the  mountain  system  of    the    western    states    of 


FIC.  3. Till-:  MOUNTAIN  SVSTKM  OF  CENTRAL  AMKRUA.  (7.  VOL- 
CANIC CHAIN  OF  HEREDIA;  b,  SIERRA  CANDELLA ;  C,  CORDIL- 
LERA I)E  I)OTA  ;  d,  SIERRA  CHIRIOUI  ;  C,  SIERRA  VERAGCA  ;  /. 
CORDILLERA  DE  SAN  BLAS  ;  g,  VOLCANIC  CHAIN  OF  ALAJUELA. 

America  arc  essentially  distinct;  they  differ  in  every  import- 
ant respect,  geological  structure,  geographical  characters,  and 
dates  of  fonnation.     Any  theory  which  assigns  the  Andes  and 

*E.g.    the    Sierra    Candela.    Cordillera    dc    Dota.     Sierra    Chiri«iui,    Sierra 
Vcragxja,  Cordillera  de  San  Bias.  etc. 
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the  great  mountain  series  on  the  western  coast  of  NcMth  Amer- 
ica to  a  common  origin  is  thereby  prejudiced,  instead  of  being 
supported. 

These  three  theories  assign  the  earth-plan  to  a  venerable  an- 
tiquity ;  but  there  is  a  fourth  theory,  which  carries  it  back  to  an 
antiquity  even  more  venerable.  Lord  Kelvin  attributes  the 
oceanic  and  continental  areas  to  a  chemical  segregation  in  the 
gaseous  nebula  which  was  the  parent  of  the  earth.  Accord- 
ing to  this  theory,  "Europe,  Asia,  Africa,  America,  Australia, 
Greenland  and  the  antarctic  continent,  and  the  Pacific,  Atlantic, 
Indian  and  Arctic  ocean  depths,  as  we  know  them  at  present," 
were  all  marked  out  in  the  primaeval  gaseous  nebula.  These 
gaseous  continents  condensed  to  liquid  continents  marked  off 
from  the  sub-oceanic  areas  by  chemical  differences;  and  these 
liquid  continents  were  fixed  as  the  solid  continents,  hightened 
by  shoaling  as  the  molten  globe  and  its  last  lava  ocean  solid- 
ified. 

That  theory  appears  probable  with  one  verbal  amendment 
— the  substitution  of  the  term  "archean-blocks"  for  continents. 
That  these  archean  blocks — the  earth's  great  comer  stones — 
were  embryonically  outlined  by  chemical  segregations  in  the 
molten  or  gaseous  stages  of  the  earth  seems  probable.  But 
these  archean  comer  stones,  though  the  foundations  of  the  con- 
tinents, are  not  the  continents.  Lord  Kelvin's  theory  suggests 
no  explanation  why  chemical  segregations  should  have  as- 
sumed the  shapes  of  the  continents,  so  that  his  explanation 
rests  on  an  unexplained  cause;  and  even  if  his  theory  be 
amended  by  application  to  the  archean  blocks  instead  of  to  the 
continents,  the  theory  is  geographically  insufficient,  as  it  docs 
not  show  the  relation  between  the  archean  blocks  and  the  exist- 
ing continents. 

THE   PERMANENCE   OF   CONTINENTS. 

That  Lord  Kelvin's  nebulous  segregations,  Prof.  Darwin's 
primitive  wrinkline.  Sir  John  Lubbock  and  Prof.  Lapworth's 
double  folds  are  all  true  causes  seems  probable.  What  is 
doubtful  is  whether  any  extensive  trace  of  their  influence  can 
be  discerned  in  the  present  distribution  of  land  and  water.  A 
map  of  the  world  in  early  Cambrian  times  might  show  the  in- 
fluence of  these  pre-geological  incidents ;  but  their  geographic- 
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al  effects  seem  to  have  been  obliterated  by  the  changes  of  geo- 
logical times. 

References  to  such  changes  reminds  us  that  we  cannot  as- 
sume their  occurrence  without  considering  tlie  unending  con- 
troversy as  to  the  supposed  permanence  of  oceans  and  conti- 
nents. 

There  are,  it  must  be  conceded,  many  weighty  arguments 
in  favor  of  ttie  pennanence  hypothesis.  Many  of  the  last 
great  mountain  foldings  follow  ihe  lines  of  much  older  move- 
ments; and  if  the  mountain  axes,  the  "backbones  of  the  conti- 
nents," have  occupied  the  same  positions,  why  not  also  the  con- 
tinents moulded  upon  them?  Again,  some  of  the  great  moun- 
tain chains,  such  as  the  Andes,  run  parallel  to  the  nearest 
shore-line,  as  if  the  movements  that  formed  them  had  been 
deflected  by  the  ocean  basin. 

The  character  of  the  ocean  floors,  moreover,  suggests  that 
they  have  never  been  continental,  as  they  are  at  present  cov- 
ered by  deposits  not  known  in  the  interior  of  the  continents; 
and  as  they  are  supported  by  material  much  heavier  than  that 
which  forms  the  foundations  of  the  continents. 

These  arguments,  however,  are  not  conclusive.  Great 
eartli  movements  of  one  date  often  cut  obliquely  and  trans- 
versely across  those  of  earlier  periods.  Thus  the  old  north- 
westerly and  south-easterly  movements  of  France  and  Spain 
have  been  cut  across  by  the  cast  and  western  movements  of 
the  Pyrenean-Alpine  system.  Mountain  axes  have  not  al- 
ways been  deflected  by  or  limited  by  existing  ocean  basins. 
Thus  the  north  Atlantic  basin  cuts  directly  across  the  old 
Hercynian  mountain  chains,  which  may  at  one  time  have  ex- 
tended across  the  whole  Atlantic  channel.  This  is  rendered 
probable  by  three  lines  of  evidence.  Thus  in  north-western 
France,  and  in  the  south  of  the  British  Isles,  there  is  a  series  of 
ranges  trending  north  of  west,  which  is  cut  off  abruptly  by  the 
Atlantic  slope.  On  the  c^posite  shore  of  the  Atlantic  in  New- 
foundalnd,  there  is  a  similar  serie.s  of  truncated  ranges  formed 
at  the  same  age  as  those  of  western  Europe,  and  having  the 
same  trend.  Bertrand  maintains  (1887)  that  the  resemblance 
between  the  opposite  mountain  series  is  so  striking  that  they 
should  be  regarded  as  parts  of  one  mountain  system,  of  which 
the  central  part  has  been  sunk  below  the  Atlantic.     The  well- 
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known  telegraph  plateau  on  which  the  cables  rest  may  mark  the 
site  of  this  sunken  land.  Palaeontological  evidence  also  sup- 
ports the  formation  of  the  Atlantic  by  subsidence ;  for  a  shal- 
low water,  sub-tropical,  marine  fauna  ranged  from  the  Med- 
iterranean to  the  Caribbean,  and  can  only  have  crossed  along  a 
l)elt  of  shallow  water  in  tropical  or  sub-tropical  latitudes.  Di- 
rect evidence  of  the  existence  of  shallow  water,  continental  de- 
posits of  the  age  required  is  given  by  the  Azores,  which,  al- 
though now  separated  from  Eurone  by  a  deep  depression,  con- 
tain shallow  water  deposits  with  fossils  of  the  Mediterranean 
fauna. 

Thus  there  is  strong  evidence  to  show  that  the  Atlantic,  in 
its  present  form,  is  of  no  great  geological  antiquity,  and  Suess' 
theory  of  its  origin  continually  gains  stronger  support.  Sim- 
ilar, though  less  complete,  evidence  shows  that  the  other  ocean 
basins  have  been  broken  up  along  certain  lines,  and  emphatic- 
ally denies  their  entire  permanence  throughout  geological 
times. 

0 

ELIE  I)E  BE.MMONT'S  ''pEXTACONAL  RESEAU." 

Hence,  if  the  ocean  basins  were  not  formed  pre-geological- 
ly,  but  have  grown  from  the  changes  that  have  occurred  during 
the  long  ages  of  geological  time,  then  we  must  seek  for  a  cause 
that  has  acted  continuously,  and  is  acting  today.  A  more  per- 
manent cause  is  supplied  by  the  contraction  of  the  earth's  crust, 
as  the  globe  gradually  cools.  Since  the  cold,  hard  crust  is  less 
plastic  than  the  hotter  interior,  it  is  necessarily  cnmipled  as  it  is 
forced  into  a  smaller  space. 

This  idea  is  well  known,  as  it  has  been  invoked  by  ge- 
ologists to  explain  the  formation  of  folded  mountain  chains. 
That  the  mountain  systems  of  the  world  were  formed  by  this 
agency  is  improbable;  but  it  is  perhaps  still  too  much  to  say 
that  it  is  impossible.  For  Prof.  G.  H.  Darwin  has  suggested 
that  the  contractility  of  the  rocky  crust  has  been  exaggerated, 
and  it  has  been  shown  that  Reade's  level  of  no  strain  may  lie 
much  deeper  than  was  at  first  thought. 

That  secular  contraction  is  the  direct  cause  of  the  great 
fold-mountain  systems  is  however  less  widely  believed  by  geol- 
ogists than  it  once  was ;  but  it  may  have  an  important  influence 
in  determining  their  direction.     The  trend  of  the  great  chains 
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of  fold-moumains  is  to  us  a  significant  question,  because  tliere 
U  much  truth  in  the  phrase,  proverbial  since  its  use  in  1682  by 
Burnet  in  his  "Thcon,-  of  the  Earth."  which  describes  ihc 
mountain  chains  as  the  "backbones  of  the  continenls."  The 
first  geolc^ca]  attempt  to  explain  the  plan  of  the  earth  was 
based  on  this  belief.  The  author  of  this  system  was  the  French 
geologist  6lie  de  Beaumont,  whose  theory  of  geomorphogenv 
was  stated  at  length  in  his  "Notice  sur  les  systemes  dc  mori- 
tagnes"  (3  vols.:  Paris,  1852).  This  famous  theory  was 
based  on  3  correlation  of  the  mountain  chains  by  means  of  their 
orientation.  6lie  de  Beaumont  accepts  the  view  that  the  earth 
consists  of  a  thin  ripid  crust  surrounding  a  fluid,  solidifying  in- 
terior. The  crust  being  thin,  it  necessarily  collapses  as  the  in- 
ternal mass  contracts.  He  assumes  that  these  collapses  occur 
at  intervals  of  time,  and  that  at  tliese  collapses  the  cnisl  is 
broken  along  lines  of  weakness,  which  arc  crumpled  up  into 
mountain  chains.  He  assumes  that  for  practical  purposes  the 
earth's  crust  may  be  taken  as  homogeneous;  hence  that  the 
fractures  of  the  crust  would  be  regularly  distributed,  and  those 
of  successive  periods  would  cross  one  another  along  the  lines 
of  a  regular  symmetrical  network. 

Among  the  regular  simple  geometrical  forms,  that  known 
as  the  pentagonal  dodecahedron,  which  is  enclosed  by  twelve 
equal  regular  pentagons,  possesses  an  exceptionable  degree  of 
bilateral  symmetrj',  i.  e.  it  can  be  cut  into  e.xactly  similar  halves 
in  an  unusually  large  number  of  directions.  Sections  along 
any  of  the  edges  of  any  of  the  pentagons  and  through  the 
center  of  the  pentagonal  dodecahedron  divide  it  into  equal 
and  similar  halves.  So  also  do  sections  from  the  center  of 
the  pentagons  to  any  of  the  angles,  and  likewise  sections  across 
the  pentagons  from  alternate  angles.  Each  face  of  a  penta- 
gonal dodecahedron  may  therefore  be  divided  by  fifteen  planes 
of  symmetry. 

A  sphere  may  be  described  upon  the  pentagonal  dodecahe- 
dron, so  that  all  the  comers  (or,  to  use  the  correct  term,  solid 
angles)  occur  in  the  surface  of  the  sphere.  By  joining  the  cor- 
ners by  lines,  the  sphere  is  marked  off  into  twelve  spherical 
pentagons,  which  possess  the  same  amount  of  symmetry  as  the 
plane  pentagons.  The  lines  where  these  planes  of  symmetry 
cut  the  surface  of  the  sphere  form  a  network  of  spherical  tri- 
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angles.  Such  a  network  £lie  de  Beatunont  called  his  pentago- 
nal network,  and  he  used  it  in  the  following  way.  He  studied 
the  mountain,  ranges  of  the  world,  and  by  elaborate  calcula- 
tions showed  their  relative  directions  at  a  few  localities  which 
he  chose  as  centres  of  comparison.  He  found  that  many 
mountain  ranges  have  the  same  orientation,  and  that  others 
cross  the  first  set  at  definite  regular  angles.  The  directions 
of  the  different  sets  of  mountain  ranges  coincide  with  the  lines 
of  his  pentagonal  network.  6lie  de  Beaumont  claimed  that 
the  mountains  whose  directions  are  parallel,*  were  formed  at 
the  same  date.  Successive  mountain-forming  movements 
raised  chains  parallel  to  diflferent  edges  of  the  network;  and 
thus  the  intersecting  mountain  lines  of  the  world;  and,  conse- 
quently, the  forms  of  the  continents,  were  determined. 

6  lie  de  Beaumont  had  no  difficulty  in  pointing  out  striking 
coincidences  between  important  geographical  lines  and  his  pen- 
tagonal network.  Thus  the  Mediterranean  volcanic  axis,  pass- 
ing through  the  Grecian  archipelago,  Etna,  and  Teneriffe,  is 
parallel  to  the  Alpine  chain,  and  at  right  angles  to  the  circle 
through  Etna,  Vesuvius,  Iceland,  and  the  Sandwich  Isles.  He 
was  able  to  show  a  close  geometrical  relationship  between  those 
lines  and  the  line  of  the  Andes,  with  the  pentagon  that  covers 
Europe.  That  the  earth  is  traversed  by  great  intersecting  lines. 
is  undeniable.  E.g.  Daubree  showed  that  the  valley  system  of 
northern  France  follows  a  line  of  rectangular  fractures,  which 
he  called  diaclases.  The  directions  of  the  Greenland  fiords  is 
determined  by  a  similar  series  of  intersecting  diaclastic  frac- 
tures. Bertrand  has  shown  that  the  movements  in  the  Paris 
basin,  the  North  sea,  and  English  channel,  have  followed  a 
double  set  of  orthogonal  intersecting  lines. 

But  that  the  fracture  lines  or  lines  of  weakness  in  the  earth's 
crust  should  intersect  more  or  l^ss  rectangularly  is  natural  on 
any  theory  of  their  formation.  And  such  coincidences  as  those 
pointed  out  by  6lie  de  Beaumont  in  support  of  his  system  are 
inevitable  in  so  crumpled  a  globe  as  ours ;  but  they  are  not  suf- 
ficiently numerous  to  be  convincing,  especially  in  face  of  the 
fundamental  differences  between  the  facts  of  geography  and 
filie  de  Beaumont's  elaborate  artificial  system.  His  theory  could 


*Por  explanation  and  justification  of  thin  nse  of  the  word  "parallel,"  Ace 
Hopkins,  "Presid.  Address.  Ocol.  Soc,"  Quart.  Jour.  GeoL  Soc,  Yol.  ix,  p.  xsixL 
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only  be  applied  to  a  stimnetrical  world  ;*  in  a  dodecahedron  UK- 
opposite  faces  are  alwajs  similar  and  parallel ;  in  61ie  de  Beau- 
mont's network  tlie  antipodal  areas  are  always  similar.  But,  as 
we  have  seen,  the  fundamental  fact  in  tlie  plan  of  the  world  is 
that  opposite  areas  are  dissimilar.  In  crystallc^raphic  language 
the  lithosphere  is  hemihedral,  not  holohedral ;  and  no  scheme 
based  on  a  holohedral  form  will  serve.  It  is  the  recognition  of 
tliis  principle  that  led  to  the  next  great  advance. 

THE  TETRAUEDHAL  THEORY. 

filie  de  Beaumont's  scheme  is  now  mainly  of  historic  inler- 
est,  though  Lefort's  recent  map  of  the  Nivemais  shows  that  it  is 
still  used  as  a  working  hypothesis  by  some  French  geologists. 
But  filie  de  Beaumont's  theory  marked  an  epoch  in  this  sub- 
ject, for  it  led  to  the  system  of  Mr.  Lowlhian  Green,  which  far 
better  meets  the  requirements  of  the  case. 

This  system  was  founded  in  1:875,  *'y  ^'^^-  Lowthian  Green, 
in  a  work  which  was  neglected  or  ridiculed  at  the  time  of  its 
appearance.  Like  his  predecessor,  Green  assumes  that  the 
earth  is  a  spheroid  based  on  a  regular  geometrical  figure,  lie 
adopted  as  his  base  the  apparently  hopelessly  unsuitable  figure 
of  the  tetraiiedron,  which  is  contained  within  four  eqtial  similar 
triangles.  This  form,  with  its  four  faces,  six  sharp  edges  and 
four  solid  corners,  does  not  conform  to  the  ordinary  conception 
of  the  figure  of  the  globe.  Any  comparison  belween  them  Io<jks 
ridiculous.  But  if  we  place  a  three-sided  pyramid  on  each 
face  of  the  tetrahedron,  its  proportions  are  nearer  those  of  a 
globe ;  and  if  these  pyramids  had  elastic  sides  so  that  they  could 
be  blown  out  and  the  faces  thus  made  curved,  then  the  tetrahe- 
dron would  become  spheroidal  and  even  spherical.  Converse- 
ly, if  a  hollow  sphere  be  gradually  exhausted  of  air,  the  e.v- 
temal  pressure  may  force  in  the  shell  at  four  mutually  equi- 
distant points,  and,  by  the  flattening  of  these  four  faces,  make 
it  tend  towards  a  tetrahedral  form.  Now  the  tetrahedral  the- 
ory does  not  regard  the  world  as  a  regular  tetrahedron  with 
four  plane  faces ;  it  considers  that  the  lithosphere  has  been  sub- 
jected to  a  slight  tetrahedral  deformation,  to  an  extent  indeed 
only  faintly  {if  at  all)  indicated  by  geodetic  measurements,  but 

*Tlila  ot^cctlon  BppKM  alio  to  TaHons  talcr  Tnodiecatlona  uf  ^lle  dc  Bchd- 
mont's  principle,  inch  m  tboK  of  Owen  ;  or  to  the  more  tbBn  local  acrrptante 
ortbcdlacluaorDanbTH,  orortbogonalcroBn-foMaofBcrtrand. 
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yet  easily  recognizable  owing  to  its  influence  on  the  distribution 
o£  land  and  water.  As  the  centres  of  the  flattened  faces  are 
nearer  the  earth's  center  of  mass  than  the  edges,  the  water  win 
collect,  upon  them.    The  ratio  of  the  area  of  land  to  that  of 


FIG.  4. — RELATIONS  OF  A  TETRAHEDRAL  LITHOSPHERE  TO  ITS 
HYDROSPHERE.  FIG.  4a  REPRESENTS  THE  ARRANGEMENT  IN 
A  SIMPLE  TETRAHEDRON.  FIG.  4b  ILLUSTRATES  THE  CASE  OF 
A  MODIFIED  TETRAHEDRON  (SUCH  AS  SHOWN  FIG.  5b)  BY  A 
SECTION  PASSING  ON  THE  LEFT  THROUGH  A  TETRAHEDRAL 
COIGNy  AND  ON  THE  RIGHT  THROUGH  THE  OPPOSITE  TETRA- 
HEDRAL PAGE.      THE  SHADED  AREAS  REPRESENT  WATER. 

water  on  the  globe  is  as  2  to  5.  If  on  a  model  of  a  tetrahedron 
we  color  the  five-sevenths  of  the  surface  that  is  nearest  the 
centra,  the  colbred  areas  would  show  where  the  water  would 
collect  if  the  earth  were  a  stationary  tetrahedron.  On  the  up- 
per  face  there  is  a  large  central  colored  area  in  the  position  of 
the  Arctic  ocean.  It  is  surrounded  by  a  land  belt, 
from  which  three  projections  run  southward  down  the 
three  lateral  edg^.  These  three  land  areas  taper 
southwa:rd  to  a  point,  below  which  is  a  complete  belt 
of  sea.  South  of  that,  again,  is  our  fourth  projecting 
corner,  which  is  above  the  water-level,  and  is  the  Antarctic  con- 
tinent. So  that  on  the  model  the  general  plan  of  the  arrange- 
ment of  land  and  water  is  identical  with  its  actual  distribution 
on  the  globe.  For  the  land  occurs  as  three  triangular  equidistant 
continents,«united  above  into  a  ring  and  tapering  southwards; 
thef e  is  a  great  excess  of  water  in  the  southern  and  of  land  in 
the  northern  hefriisphcre;  and  land  and  water  are  antipodal, 
since  in  a  tetrahedron  a  corner  is  always  opposite  a  flat  face. 
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But  of  couree  in  the  earth  the  faces  are  not  fiat,  but  are 
convex.  If  the  fiat  faces  be  replaced  by  projecting  pyramids 
with  can,-ed  faces,  so  that  the  form  is  globular,  the  arrangement 
of  land  and  waier  remains  the  same,  but  the  shore-lines  arc 
more  complex      Green  has  shown  what  the  shapes  of  the  land 


FIG.  5. 5a,  DIACRAU  OF  A  SIMPLE  TETRAHEDRON. 5b,  DIAGRAM 

OF  A  TETRAHEDRON  WITH  A  SIX-FACED  PYRAMID  WITH  CON- 
VEX FACES  ON  EACH  OF  THE  FOUR  FACES. —  5c,  THE  TRACE  OF 
THE  TETRAHEDRAL  EDGES  ON  A  SPHERE;  THE  THICK  UNES 
SHOW  THE  POSITION  OF  THE  TETRAHEDRAL  EDGES. 

and  water  areas  would  be  in  such  a  tetrahedron,  TTie  re- 
semblance between  his  diagrammatic  continent  and  Africa  and 
S.  America,  aiid  between  his  ocean  and  either  the  Pacific,  In- 
dian ocean,  and  S.  Atlantic,  is  very  strikir^. 

THE  TETRAHEDRAL  COURSE  OF  GEOGRAPHICAL  LINES. 

The  agreement  between  the  facts  of  geography  and  the 
tetrahedral  theory  goes  further.  The  four  faces  of  a  tetrahe- 
dron meet  along  six  edges,  which  should  be  lines  of  elevation 
on  a  globe.  The  trace  of  the  edges  of  a  tetrahedron  on  a  sur- 
rounding sphere  forms  a  circle  in  the  northern  hemisphere,  and 
three  vertical  or  meridional  edges  meeting  at  the  south  pole. 
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In  the  earth  the  major  watersheds  have  exactly  this  arrange- 
ment. The  great  watershed  of  Eurasia  dividing  the  northern 
and  southern  drainages,  runs,  not  along  the  main  mountain 
axis,  but  far  to  the  north  of  it,  between  the  parallels  of  50^  and 
60^.  The  northern  and  southern  slopes  of  North  America  arc 
separated  by  a  divide  along  the  same  latitude.  The  southern 
watersheds,  instead  of  following  the  lines  of  highest  moun- 
tains, or  the  middle  line  of  the  continents,  nm  close  to  the 
coast-lines ;  the  three  watersheds  mark  the  three  vertical  tetra- 
hedral  edges,  and  they  occur  at  almost  the  theoretical  distances, 
I20*  apart 

Similarly  with  the  mountain  chains.  As  Sir  John  Lubbock 
has  pointed  out,  "in  the  northern  hemisphere  we  have  chains  of 
mountains  running  east  and  west,  the  Pyrenees,  Alps,  Carpath- 
ians, Himalayas,  etc. — while  in  the  southern  hemisphere  the 
gresct  chains  run  north  and  south — the  Andes,  the  African 
ridge,  and  the  grand  boss  which  forms  Australia  and  Tas- 
^ mania."  That  is  to  say,  the  northen  mountains  are  parallel  to 
the  upper  edges,  and  the  southern  mountains  are  parallel  to 
the  meridional  edges  of  the  tetrahedron. 

THE  CAUSE  OF  THE  TETRAHEDRAL  PLAN. 

The  statement  that  the  elevations  of  the  lithosphere  are  tet- 

• 

rahedral  in  arrangement  is  not  a  hypothesis,  but  a  simple  state- 
ment of  geographical  fact.  Is  the  fact  a  mere  coincidence? 
On  the  contrary,  there  are  good  reasons  why  the  earth  should 
acquire  such  a  tetrahedroid  symmetry.  When  the  earth  solidi- 
fied, it  would  (neglecting  the  influence  of  rotation)  have  con- 
tracted into  a  spherical  shape.  It  would  have  tended  to  acquire 
this  form  because  the  sphere  is  the  body  which  encloses  the 
greatest  volume  for  a  given  surface.  But  as  the  earth  contracts 
it  tends  to  acquire  a  shape  in  which  there  is  a  greater  surface 
in  proportion  to  its  bulk.  Now,  among  the  regular  geometrical 
figures  with  approximately  equal  axes,  the  tetrahedron  is  that 
which  contains  the  smallest  volume  for  a  given  surface.  Hence 
every  hard-shelled  body  which  is  diminishing  in  size,  owing  to 
internal  contraction,  is  constantly  tending  to  become  tetrahedral 
in  form.  Fairbum's  experiments  (quoted  by  Green)  illustrate 
this  tetrahedral  collapse  for  short  tubes ;  and  that  it  is  consid- 
ered probable  by  some  geodists  is  shown  by  the  following  quo- 
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tation  from  E.  D.  Preston :  "Nothing  is  more  in  accordance  with 
the  action  of  physical  laws  than  that  the  earth  is  contracting  in 
approximately  a  tetrahedral  form.  Given  a  collapsing  homo- 
geneous spherical  envelope,  it  will  assume  that  regular  shape 
which  most  readily  disposes  of  the  excess  of  its  surface  di- 
mensions ;  or,  in  other  words,  the  shape  that  most  easily  relieves 
the  tang^tial  strains ;  for,  while  the  sphere  is  of  all  geometric- 
al bodies  the  one  with  a  minimum  surface  for  a  given  capacity, 
the  tetrahedron  gives  a  maximum  surface  for  the  same  condi- 
tion. Experiments  on  iron  tubes,  on  gas-bubbles  rising  in 
water,  and  on  rubber  balloons,  all  tend  to  bear  out  the  assump- 
tioii  that  a  homogeneous  sphere  tends  to  contract  into  a  tetra- 
hedron." 

(To  be  continued.) 


REVIEW  OF  RECENT  GEOLOGICAL 

LITERATURE. 

Jovellania  triangularis  im  Mitteldevon  der  Eifel,  von  E.  Kayser  (Cen- 

tralblatt  ffir  Mineralogie  etc.,  1900,  p.  117.) 

The  occurrence  of  this  well  known  Devonian  species  of  Archaic  in 
loose  fragments  along  with  a  characteristic  middle  Devonian  fauna  at 
Lissengen  in  the  Eifel  is  described.  c.  f.  m. 

A  brief  review  of  the  titaniferous  magnetites.    By  J.  F.  Kemp.  (School 

of  Mines  Quarterly,  20.  323-356;  21,  56-65.) 

The  known  deposits  of  magnetic  iron  ore  may  be  conveniently  clas- 
sified into  two  groups  on  the  basis  of  chemical  composition ;  the  titan- 
iferous and  the  non-titniferous.  This  grouping  not  only  corresponds  to 
the  chemical  composition,  but  also  to  the  geological  relations  and  to  the 
present  utilization  and  non-utilization. 

Among  the  magnetic  ores  the  non- titaniferous  are  today  the  only 
ones  rained  and  smelted  and  even  their  productiveness  has  decreased 
notably  in  recent  years,  because-  of  the  great  influx  of  cheap  and  easily 
reduced  hematites  from  lake  Superior.  The  Cornwall  banks  in  Penn- 
sylvania are  almost  the  only  large  American  magnetite  mines  now  in 
active  operation.  The  geological  relations  of  the  non-titaniferous  ores 
are  variable,  and,  in  one  place  and  another,  they  have  resulted  from  very 
different  originals  and  by  strongly  contrasted  processes,  but  if  titanif- 
erous iron  sands  are  omitted,  the  massive  titaniferous  ore-bodies  may 
be  said  to  be  closely  allied  in  character  and  origin  wherever  they  have 
been  studied.  With  one  or  two  exceptions  the  titaniferous  magnetites 
are  associated,  so  far  as  known,  with  rocks  of  the  gabbro  family  and 
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furnish  a  distinct  type  of  ore  body,  that  is  singularly  uniform  the  world 
over.  They  constitute,  in  most  cases,  large  irregular  masses  in  the 
midst  of  intrusions  of  igneous  rock  and  seem  to  have  been  produced 
by  the  segregation  of  fairly  pure  titaniferous  iron  oxide,  either  before 
or  during  the  process  of  cooling  and  consolidation.  In  less  common 
instances  the  entire  mass  of  the  dike  or  stock  is  so  enriched  with  the 
iron- bearing  mineral  as  practically  to  be  considered  an  ore.  Although 
the  ores  are  not  at  present  the  objects  of  active  mining,  yet  the  quantity 
is  so  large  and  the  iron  afforded  has  such  peculiar  advantages  of  its 
own,  doubtless  owing  to  certain  chemical  elements  generally  present 
in  the  ore,  that  it  seems  improbable  that  they  will  long  go  without 
utilization.  The  wall-rocks,  referred  to  as  belonging  to  the  g^bbro 
family,  form  an  extended  series  including  anorthosyte,  true  g^bbro, 
noryte,  diabase  and  peridotyte.  To  them  must  be  added  the  Brazil- 
ian nepheline-plagioclase  rock  and  the  nepheline-syenyte  at  Alno, 
Sweden.  In  their  mineralogical  composition  the  ores  involve  both 
ilmenite  and  titaniferous  magnetite.  The  latter  may  be  strongly  mag- 
neitc  while  high  in  TiO.  The  strong  magnetism  of  some  titaniferous 
magnetite  shows  the  improbability  of  removing  the  titanium  by  mag- 
netic concentration.  In  most  cases,  while  the  iron  is  increased  in  the 
concentrates  by  the  elimination  of  the  ferro-magnesian  silicates,  the 
titnium  is  also  increased.  In  their  chemical  composition  the  ores  are 
characteristic  and  marked.  As  a  rule,  but  not  invariably,  phosphorus 
and  sulphur  are  notably  low  or  entirely  absent.  Vanadium,  chromium, 
nickel  and  cobalt  are  almost  always  present,  and  they  may  together 
amount  to  several  per  cent.  Magnesia  and  alumina  are  often  far  in 
excess  of  what  would  be  required  for  silicates  and  then  they  are  doubt- 
less combined  with  more  or  less  iron  in  spinels.  Lime  is  of  course  in- 
volved in  the  presence  of  the  pyroxenes  and  related  minerals  and 
manganese  is  often,  but  not  invariably,  at  hand.  This  paper  consists 
after  the  brief  introduction,  of  summary  descriptions,  in  geographic 
sequence,  of  the  chief  deposits  of  titniferous  magnetite  now  known. 
The  descriptions  arc  accompanied  by  analyses  to  the  number  of  more 
than  one  hundred  seventy  which  illustrate  for  each  region  the  range 
in  composition.  This  work  is  thus  a  complete  resum^;  and  the  citations 
place  the  reader  in  command  of  the  literature.  w.  o.  c 

The  Origin    of  Kaolin.     By  Heinrich   Ries.      (Trans.  Am,   Ceramic 

Sac,  2,  Feb.  1900.) 

Defines  kaolin  as  any  residual  clay  sufficiently  free  from  iron  to  bum 
to  a  white  or  nearly  white  color,  and  derives  kaolin  from  feldspathic 
minerals,  in  part  through  the  agency  of  carbon  dioxide  and  the  ordi- 
nary weathering  processes  (shallow  deposits)  and  in  part,  as  suggested 
by  Von  Buch  and  Daubree,  through  the  agency  of  ascending  acid  vap- 
ors, including  chiefly  hydrofluoric  acid  (deep  deposits).  Collin's  ex- 
periment and  analyses  are  cited  in  support  of  the  latter  explanation; 
but  all  the  economic  deposits  of  the  United  States  are  referred  to  the 
former.  Kaolins  containing  undecomposed  mica  can  not  be  referred  to 
the  fluoric  type.    The  practicability  of  correlating  rational  analyses  of 
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kaolin  with  the  original  minerals  and  the  method  of  deriviation  is  also 
considered.  w.  0.  c. 

Igneous  Complex  of  Magnet  Cove,  Arkansas.    By  Henry  S.  Wash- 
ington.    {Bull,  Geol.  Soc,  Am.,  11,  389-416.) 
This  paper  is  an  able  and  timely  review,  in  the  light  of  the  mod- 
em ideas  of  magmatic  differentiation,  of  the  limited  and  isolated  area' 
of  plntonic  rocks  so  carefully  mapped  and  described  to  J.  F.  Wil- 
liams ten  years  ago.    The  scope  of  the  paper  is  clearly  and  tersely  in- 
dicated in  the  author's  summary,  from  which  the  reviewer  quotes. 
The  structure  of  the  complex  is  briefly  described,  and  from  the  evi- 
dence of  its  broadly  elliptical  outline,  relations  to  surrounding  shales, 
the  presence  of  an  overlying  zone  of  metamorphosed  rocks,  the  ar- 
rangement and  serial  petrographical  and  chemical  characters  of  the 
main  types,  together  with  other  minor  points,  it  is  shown  that  the 
igneous  complex  is  probably  a  laccolith,  and  certainly  a  unit  or  in- 
tegral mass  of  intruded  magma.    The  component  abyssal  types  are  not 
due  to  successive  injections  as  was  suggested  by  Williams,  but  are 
the  products  of  a  differentation  in  situ  of  the  originally  homogeneous 
mass  of  intruded  magma    ("laccolithic  differentation"  of    K>dk!|;«i). 
The  main  rock  types  are  briefly  described,  some  new  analyses  being 
given;  and  they  are  shown  to  form  a  regularly  graded  series,  ranging 
from    foyayte,   through  '  leucite-porphry,    shonkinitic    sj'enyte,   normal 
ijolyte  and  biotite  ijolyte  to  jacupirangyte.    This  serial  and  common 
genetic  character  is  shown  both  mineralogically  and  chemically.    It  is 
probable   that   the   dikes   of   tinguayte   and   nepheline   porphyry   are 
aschistic  (undifferentiated  injections  of  the  still  fluid  differential  .^otios 
into  the  surrounding  rocks),  while  those  of  the  monchiquitic  rocks  arc 
diaschistic  (products  of  a  still  farther  differentiation  of  these  zones). 
The  arrangement  of  the  abj'ssal  rocks  is  abnormal  and  differs  rad- 
ically from  most  other  cases  of  differentiated  masses,  in  that  there  is 
progressive  increase  in  acidity  toward  the  periphery,  the  analagous 
case  at  Umptek  in  Kola  being  especially  mentioned.     An  explanation 
of  this  is  based  on  a  process  of  fractional   crystallization  or  freez- 
ing of  the  magma,  which  is  regarded  as  a  solution,  the  solvent  crystal- 
lizing 6rst,  is  given;  and  the  hypothesis  is  applied  to  other  cases.  It  is 
suggested  that  all  laccoliths  and  similar  masses  of  magma  may  be  re- 
ferred to  at  least  four  different  types,  dependent  on  the  chemical  com- 
position of  the  magma  as  a  whole,  the  differences  between  which  would 
be  satisfactorily  accounted  for  by  the  hypothesis.    In  the  opinion  of  the 
reviewer,  the  explanation  of  this  contrast  between  the  normal  centrip- 
etal acidity  and  the  abnormal  centrifugal  acidity  of  plutonic  masses 
might  be  strengthened  and  simplified  by  recognition  of  the  important 
role  as  a  solvent  of  water,  which,  so  far  as  known,  is  universally  pres- 
ent in  magmas,  and  is  the  one    important    constituent     which     never 
freezes.  w.  o.  c. 

A  Granite-Gneiss  Area  in  Central  Connecticut.     By  Lewis  G.  West- 
gate.     Uour.  Geol,,  7,  638-654.) 
This  is  purely  a  petrographic  paper,  describing  an  elliptical  area 


122  The    American    Geologist.         February,  looi. 

-of  gneissoid  granite  on  the  G>nnecticut  river  east  of  Middletown.  The 
phenomena  and  inclusions  of  the  inclosing  schists  prove  the  granite 
to  be  intrusive,  in  spite  of  the  marked  and  persistent  foliation.  It  as- 
sumes frequently  the  character  of  an  "augen"-gneiss.  Basic  segregations 
or  schlieren  of  dark  color  and  fine  grain  are  a  common 
feature,  strengthening  the  proof  of  an  igneous  origin,  as  do 
the  asociated  dikes  of  pegmatytc  and  the  contact  zone  of  granuljrte. 
The  component  minerals,  from  which  the  chemical  composition  may  be 
approximately  deduced,  are  chiefly  quartz,  various  feldspars  and  biotite, 
'  the  feldspars  including  most  abundantly  orthoclase,  with  an  acid  plagio- 
clase  and  subordinate  microcline.  The  accessories  include  titanite  and 
a  very  little  apatite  and  magnetite.  In  the  granulyte  garnet  is  the  chief 
or  only  accessory.  w.  o.  c 

77/t'   Origin   of  Xitivtcs   in   Curcrn   Earths.     By   Willi.vm    H.   Hess. 
(Jour.  GeoL,  8,  129-134.) 

The  nitrates  arc  not  derived  from  the  excrement  of  bats,  as  pop- 
ularly supposed,  but  have  their  origin  in  the  oxidation  or  nitrifi- 
cation of  organic  matter  in  the  surface  soil  through  the  agency  of 
bacteria,  and  the  subsequent  leaching  of  the  nitrates  so  formed  down- 
ward into  caverns,  where  they  slowly  accumulate  with  other  salts  as 
the  water  escapes  by  evaporation.  This  explanation  is  in  harmony  with 
the  fact  that  bats  penetrate  but  short  distances  from  the  entrance  to  a 
cavern,  while  the  distribution  of  the  nitrates  is  entirely  without  refer- 
ence to  the  entrance,  the  cavern  earh  of  the  Mammoth  cave  having 
been  worked  for  nitrates  for  a  distance  of  over  five  miles  from  the 
only  opening  to  the  surface.  Three  analyses  show  that  nitrates  form 
but  a  small  part  of  the  soluble  salts  of  the  cavern  earth,  which  include 
also  sulphates  a*^d  chlorides,  and  may  aja^p^regate  as  much  as  1.3  per 
cent.  The -general  conclusion  as  to  the  origin  and  source  of  the 
nitrates  is  sustained  by  a  comparison  of  analyses  of  the  soluble  por- 
tions of  (i)  subsoil  from  the  surface  above  the  Mammoth  cave,  (2) 
cavern  earth  from  the  subjacent  part  of  the  cave,  (3)  bat  guano,  and 
14)  cavern  earth  immediately  below  the  bat  guano.  A  comparison  of 
bulk  analyses  of  bat  guano  and  cavern  earth  follows;  and  it  is  sug- 
ji^ested  that  the  calcium  phosphate  of  the  latter  cannot  be  referred  to 
the  former,  since  the  insolubility  of  this  salt  makes  it  a  necessary  resid- 
uary product  of  the  solution  of  limestone.  Analyses  show  that  the 
water  dripping  from  the  roofs  of  caves  is  not  markedly  different  from 
ordinary  sub-drainage  waters.  The  nitrates  and  other  soluble  salts 
accumulate  only  in  the  earths  of  relatively  dr>'  caverns,  or  where  the 
inllow  of  water  does  not  exceed  in  amount  the  water  removed  by 
evaporation ;  and  luunerous  analyses  show  that  all  dr>'  caves  contain 
nitrous  earths.  Nitrates  fotnid  under  overhanging  cliffs  are  of  a  sim- 
ilar origin — evaporation  of  water  which  has  jiercolated  through  the 
><»il:  and  essentially  the  same  explanation  will  fit  the  case  where 
iiitrates  accunuil.ite  on  the  surface  of  a  manure  heap,  through  the 
loint  action  of  capillary  attraction  and  evaporation.  w.  0.  c. 
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Igneous  Rock-Series  and  Mixed  Rocks.    By  Alfred  Marker.    (Jour. 

Geol,  8,  389-399.) 

A  rock-series  is  defined  as  an  assemblage  of  rock-types,  with  a  cer- 
tain community  of  characters,  associated  in  the  same  district,  belongring 
to  the  same  suite  of  eruptions  and  holding  a  similar  position  in  the 
scheme  of  igneous  rocks  belonging  to  that  suite.    According  to  the  dif- 
ferentiation hypothesis,  they  are  derivatives  of  the  same  order  from  one 
common  source,  resulting  from  differentiation  along  similar  lines  and 
to  the  same  degree.    The  fundamental  characteristics  of  such  a  series, 
having  regard  to  chemical  composition,  are  of  two  kinds:   (i)   those 
belonging  to  the  individual  rock-types  and  shared  by  all  the  tsrpes  in- 
cluded in  the  series;  and  (2)   those  belonging  to  the  assemblage  of 
types  as  a  whole,  depending  upon  variations  in  the  composition  of  the 
members  as  compared  with  one  another.    These  characteristics  admit 
of  very  clear  graphic  presentation.    For  this  purpose  the  method  of 
two  equal  rectangular  co-ordinates  first  used  by  Iddings   is  recom- 
mended, silica  being  referred  to  one  axis  and  bases  to  the  other;  and 
the   resulting  curves  are  briefly  discussed.      The  origin   of   ingeous 
rocks  by  admixture  rather  than  by  differentiation  is  next  considered, 
and  three  principal  cases  are  distinguished:  (i)  mixture  of  two  fluid 
magmas;  (2)  permeation  of  a  solid  rock  by  a  fluid  magma;  and  (3) 
inclusion  of  rock  fragments  in  a  fluid  magma.    The  second  and  third 
cases  are  practically  limited  to  igneous  rocks  of  cognate  origin ;  and 
the  distinction  of.  the  included  and  permeated  rocks  or  xenoliths  as 
accidental  and  cognate  is  regarded  as  important ;  the  latter  only  yield- 
ing by  their  absorption  new  rocks  of  any  considerable  extent  or  im- 
portance.    Several  cases  are  considered,  including  the  admixture  of 
two  rocks  of  the  same  rock-series,  and  the  solution  by  a  magma  o{ 
extraneous  quartz,  and  of  limestone.    The  admixture  of  the  extreme 
types  of  a  series  will  not,  in  general,  give  exactly  any  of  the  inter- 
mediate types.    The  rock-analyses  of  Clarke  and  Hillebrand  are  cited 
in  illustration  of  this  principle;  and  it  is  pointed  out  that  mixtures,  even^ 
of  two  normal  igneous  rocks  and  still  more  of  an  igneous  and  a  sedi- 
mentary rock,  must  often  be  abnormal  in  chemical  composition.    The 
relations  of  the  chemical  composition  of  the  magma  and  of  foreign 
admixtures  to  the  mineralo^ical  compostion  are  also  considered. 

The  Sundal  Drainage  System  in  Central  Norway.    By  R.  L.  Barrett. 

(Bulletin  American  Geographical  Society.  No.  3,  1900.) 

The  young  Sundal  drainage  system,  on  the  northern  coast  of  cen- 
tral Norway,  possesses  deep  gorges  and  canyons  which  drain  north- 
west into  the  Atlantic.  It  is  closely  related  to,  but  divided  from,  the 
comparatively  shallower  and  more  or  less  disconnected  valley  system 
of  the  Opdal,  which  drains  northeast  but  also  reaches  the  Atlantic. 

The  divide  between  these  two  systems  has  been  shifted  from  cast 
to  west,  as  has  been  the  case  in  a  less  degree  in  the  two  drainage  sys- 
tems just  south  of  the  Sundal,  the  Eikedal  and  the  Ronesdal. 

The  paper  presents  facts  to  prove  that  the  divide  in  question  once 
stood  near  the  head  of  the  Sundal  fjord,  more  than  sixty-five  kilo- 
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meters  west  of  its  present  position,  and  also  shows  that  the  processes 
which  shifted  the  divide  and  reversed  the  drainage  are  largely  responsi- 
ble for  the  peculiar  features  of  the  Sundal  system,  namely,  its  deep 
canyons  and  high  shallow  tributary  valleys. 

The  author  reconstructs  the  mature  valley  system  (Opdal),  de- 
scribes the  young  canyon  system,  shows  the  relation  existing  between 
the  two  and  offers  explanations  for  these  relations.  He  discusses  as 
factors  in  the  reversal  of  drainage:  guided  headward  erosion  by  the 
Sundal  system  and  capturing  of  the  Opdal  branches,  unguided  head- 
ward  erosion  and  capturing,  erosion  by  the  outlets  of  ice-dammed  lakes 
which  overflowed  from  the  Opdal  to  the  early  Sundal  system  and 
glacial  erosion. 

The  text  is  accompanied  and  elucidated  by  five  diagrams  which 
put  the  whole  story  in  clear  and  concise  form.  The  paper  is  an  ad- 
mirable result  of  thorough  investigation  in  the  field  and  laboratory. 

F.  B. 

Bulletin  No.  4,  of  the  South  Dakota  School  of  Mines,  Department  of 
Geology.  Prof.  C.  C.  O'Harra.  .April,  1900.  Rapid  City,  S.  Dak. 
This  pamphlet,  containing  88  octavo  pages,  with  several  plates  re- 
producing old  maps,  furnishes  an  exact  and  very  useful  epitome  of  the 
literature  of  the  geology  of  the  Black  Hills.  Many  of  the  old  papers, 
now  very  rare,  beginning  with  those  of  Dr.  Prout  in  1846,  are  an- 
notated. The  first  portion  of  the  bulletin  sketches  rapidly  the  pro- 
gress of  geological  investigation  in  the  Black  Hills  region,  giving  some 
account  of  the  parties  and  the  routes  they  followed.  The  earliest  men- 
tion of  the  hills  is  in  Lewis  and  Clarke's  report  of  their  expedition  in 
1804-05-06.  where  they  are  credited  with  glaciers,  although  this  must 
have  been  incorrect— or  at  least  it  cannot  now  be  af!irmed  of  the  re- 
gion known  as  the  Black  Hills.  The  author  mentions  fully  the  work 
of  Dr.  Evans  in  the  "bad  lands,"  reported  by  Dr.  Owen  in  his  rc- 
Dort  on  Iowa.  Wisconsin  and  Minnesota,  of  Dr.  F.  V.  Hayden  and  Mr. 
F.  B.  Meek,  Dr.  Leidy,  Lieut.  G.  K.  Warren  and  others  to  1900. 

N.    H.    W. 
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Fairchild,  H.  L. 

Proceedings  of  the  twelfth  annual  meeting,  held  at  Washington,  D. 
C,  December  27,  28,  29,  and  30,  1899,  including  proceedings  of  the 
6rst  annual  meeting  of  the  Cordilleran  section  held  at  San  Francisco, 
December  29  and  30,  1899.  (Bull.  G  S.  A.,  vol.  11,  pp.  511-651.  pis.  51- 
58,  Oct.,  1900.) 

Farinertom,  O.  C. 

Nature  of  the  metallic  veins  of  the  Farmington  meteorite.     (Am. 
Jour.  Sci.,  vol.  xi,  pp.  60-62,  Jan.,  1901.) 

Farrinerton,  O.  C. 

A  century  of  the  study  of  Meteorites.     (Pop.  Sci.  Month.,  vol.  58, 
pp.  429-434.    Feb.,  looi.) 

Gilbert,  G.  K. 

Memoir  of  Edward  Orton.     (Bull.  G.  S.  A.,  vol.  11,  pp.  542-550. 
1900.) 

Gordon,  C.  H. 

Geological  report  on  Sanilac  county,  Michigan.     (Geol.  Sur.  Mich., 
vol.  7,  pp.  34,  5  plates,  Lansing,  1900.) 

Greeley,  W.  S. 

Possible  new  coal  plants  etc.,  in  coal.     (Am.  Geol.,  vol.  27,  pp.  6-14, 
Jan.,  1900.) 

Hamilton,  S.  H. 

Troost's  survey  of  Philadelphia.     (Am.  Geol.,  vol.  27,  p.  41,  Jan. 
1901.) 

Hatchier,  J.  B. 

The  lake  systems  of  Southern  Patagonia.     (Bull.  Geog.  Soc.  Phil., 
vol.  2,  pp.  139-145,  Dec,  1900.) 

Hitchicocl<,  C.  H. 

Evidences  of  intergaiclal  deposits  in  the  Connecticut  valley.     (Ab- 
stracts.)    (Bull.  G.  S.  A.,  vol.  12,  pp.  9-10,  Nov.,  1900.) 

Hershiey,  O.  H. 

Peneplains  of  the  Ozark  highland.     (.Am.  Geol.,  vol.  27,  pp.  25-41, 
Jan.,  1901.) 

Hobbs,W.  H. 

A  theory  of  origin  of  systems  of  nearly  vertical  faults.     (Bull.  G. 
S.  A.,  vol.  12,  pp.  lo-ii.     [.Abstract.  1     Nov.,  1900.) 

Holmes,  J.  A. 

Gcoloe^'  and  Geography  at  the  American  .Association.     (Science.  N. 
Ser.,  vol.  12,  pp.  989-996,     Dec.  28,  1900.) 


Qiutcnwry,       (Bull.   G.   S.   A.. 


Keyes,  C.  R. 

Formational  synonymy  of  the  Coal  Measures  of  the  western  inte- 
rior basin.  (Proc.  Iowa  Acad.  Sd.,  vol.  vii,  pp.  S3-105,  3  plates,  Des 
Moines,  1 

Keyes,  C.  R. 

Genesis  of  normal    compound  and    normal    horizontal    faiilting. 
(Proc.  Iowa  Acad.  Sci.,  vcA.  7,  p.  113,  Des  Moines.  1900.) 
Keyes,  C.  R. 

Terraces  o£  the  Nile  valley.     (Proc.  Iowa  Acad.  Sci,,  vol.  7,  |ip. 
1II-II2,  Des  Moines,  igoo).     Abstract. 
Knight,  W.C. 

A   preliminary  report  on  the  Artesian   basins   of  Wyoming.     Bull. 
Wyoming  Exper.  Sta.,  No.  45,  Laramie,  igoo.    Plates  and  map. 
Lindgren,  Waldemar 

Metasomatic  Processes  i: 
Eng..  pp.  Its.  Feb.,  1900.) 
Merriam,  John  C. 

Ground    sloths   in  the  Californ 
vol.  II.  pp.  612-614.  1900.) 
Miller.  W.G. 

wly  discovered  areas  of  nepheline  syenyte  in  ceniml 
Canada.     (Am.  Get-!.,  vol.  37,  pp.  31-25.  Jan.,  igoT.) 
Miller.  W.G, 

Minerals  of  Ontario,  with  notes,     (Rep.  Bureau  of  Mines,  pp.  192- 
ai2.  1900.) 
O'Harra,  C.  C. 

A  history  of  the  early  explorations  and  of  the  progress  of  geolog- 
ical investigation  in  the  Black  Hills  region.  (Bui.  No.  4,  S.  Dak.  School 
of  Mines,  pp.  1-44.     Rapid  City,  April,  igoo.) 
O'Harra,  C.  C. 

A  bibliography  of  contributions  to  the  geology  and  geography  of  the 
Black  Hills  region.     (Bull.  No.  4,  S.  Dak.  School  of  Mines,  pp.  45-88. 
April,  igoa) 
Osborn.  H.  F. 

Oxyaena  and  Patriofelis  restudied  as  terrestrial  Creodonts.     (Bull. 
Am.  Mus.  Nat  Hist.,  vol.  13.  pp.  369-370,  Dec.  31,  1900.) 
Osborn.  F.  H. 

Origin  of  the   Mammalia    111.    Occipital    condyles  of   Reptilian 
tripartite  type.     (Am.  Nat.,  J4.  pp.  934-947-  Dec.,  1900.) 
Penf  leld,  S.  L. 

Stereogranhic  Projection  and  its  possibilities,  from  a  graphical 
standpoinL     (Am.  Jour.  Sci..  xi,  pp.  I-34.  Jan..  1901.) 
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Purington.  C.  W. 

A  siofie  occnrresice  of  gTacrafrnn  m  Scberia.     (Am.  GeoL,  toL  27* 
PP-  45-47.  JaiL,  rGDi.> 

Ruedemann,  Rudolf 

HiLdfoa  RiTcr  beds  near  Albosj.  and  tfaexr  ta^gnawi— i^  equivalents. 
(Ball.  G.  S.  A^  voL  C2.  p.  ei.     (Abstract)     Nor^  iQOOl) 

Salisburyt  R-  D.  (and  Wm.  C  AkJen) 

The  gtogr^pbj  oi  Chicago  and  its  enrirons.     (BolL  Gcog.  Soc, 
Chicago,  No.  i.  pp.  64.  plates  and  maps.  iSqQl) 

Scott,  W.  B. 

The    Mammalian   ^cna  of  the    Santa    Cnzz  beds  of    Patagonia 
(Science,  vol.  12.  pp.  937-^40-  D«c.  21,  E900.) 

Sheldon,  J.  W.  Arms 

Concretions  from  the  (Thamplain  dajs  of  the  Conncctictit  Tallqr, 
4to  pp.  4=.  14  plates.    Boston,  i^co. 

Smith.  J.  P. 

Principles  of  palcontologic  correlation.     (Jour.  GcoL,  vol.  8,  pp. 
673-^.  Xov.-Dec  iqoo.) 

Turner,  H.  W. 

(kologr  of  the  Silrer  Park  range,  Nevada.     (BolL  G.  S.  A.,  voL 
12.  pp.  2-4,  Nov.,  1900-) 

Upham,  Warren 

Pleistocene  ice  and  river  erosion  in  the  St.  Croix  Tallcy  of  Minoe- 
sou  and  Wisconsin.     (Bull.  G.  S.  A.,  vol.  12;  pp.  13-44,  Nov.  190a) 

Upham,  Warren 

Giant's  Kettles  eroded  by  Moulin  torrents.     (Boll.  G.  S.  A.,  voL 
12,  pp.  25-44.  I>«c.  isoa) 

Van  Horn,  Frank  R. 

Andesitic  rocks  near  Silverton,  (Colorado.     (BoD.  G.  A.  S.,  vol.  I^ 
pp.  4-9.  Nov.,  190a) 

Van  Hise,  C.  R. 

Some  principles  controlling  the  deposition  of  ores.     (Jour.  Ged., 
vol.  8.  pp.  730-770,  Nov.-Dec,  190a) 

Washington,  H.  S. 

Chemical  study  of  the  Glaucophane  schists.     (Am.  Jour.  ScL,  voL 
xi.  pp.  35-59»  Jan.,  1901.) 

White,  T.  G. 

New  York  Academy  of  Sciences.  (Section  of  geology  and  mineral- 
otary.     (Am.  Geol.,  vol.  27,  pp.  42-45»  Jan.,  1901.) 

Whiteaves,  J.  F. 

Description  of  a  new  species  of  Unio  from  the  Cretaceous  rocks  of 
the  Nanaimo  coal  field.     (.Ottawa  Naturalist,  vol.  14,  pp.  177-17%  J21L, 

Wilder,  Frank  A. 

Observations  in  the  vicinity  of  Wall  lake.     (Proc  Iowa  Acad.  Sd., 

\ol.  vii,  pp.  77-82.     Des  Moines,  1900.) 
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Dr.  Otto  Nordenskjold,  of  Upsala,  is  preparing  a  south 
pK>lar  Swedish  expedition  which  will  be  ready  to  start  prob- 
ably, in  the  fall  of  1901. 

Dr.  R.  a.  Daly  of  Harvard  University  is  planning  the  or- 
ganization of  a  summer  excursion  to  Iceland,  western  Green- 
land and  Labrador,  conditioned  on  the  formation  of  a  sufficient- 
ly large  party  leaving  Boston  on  or  about  June  26,  returning 
about  September  20. 

Professor  E.  H.  Williams,  Jr.,  of  the  department  of  min- 
ing and  geology,  has  equipped  a  geological  laboratory  for  the 
microscopic  study  of  rocks  at  Lehigh  University. 

Profs.  A.  J.  Moses  and  L.  M.  Luquer  contribute  to  the 
Journal  of  Applied  Microscopy  abstracts  of  mineralogical  lit- 
erature, American  and  foreign..  These  are  particularly  val- 
uable in  the  mathematical  and  physical,  especially  the  optical, 
characters. 

Prof.  H.  B.  Patton,  of  the  Colorado  School  of  Mines, 
Golden,  Colo.,  offers  a  list  of  rare  Colorado  minerals  and  of 
rocks,  for  exchange  with  institutions  which  may  have  others 
for  such  disposition. 

Geological  Society  of  Washington.  At  the  meeting  of 
January  23rd  the  following  was  the  program :  "The  geologic 
age  of  Shell  bluff,  Ga.,  one  of  LyelKs  original  localities/'  T. 
Wayland  Vaughan ;  "Trias  in  northeastern  Oregon,"  VVal- 
demar  Lindgren ;  "Comparison  of  the  Ouachita  and  Arbiickle 
mountain  sections,  Indian  Territory,"  J.  A.  Taff;  **Age  of 
the  coals  at  Tipton,  Blair  county.  Pa.,"  David  White. 

The  Lake  Superior  Mining  Institute  will  hold  its 
seventh  meeting  in  the  copper  district  of  Michigan  on  March 
5  to  8.     The  headquarters  will  he  at  Houghton. 

Geological  Society  of  America. — The  regular  winter 
meeting  was  held  at  Albany,  N.  Y.,  presided  over  by  Dr.  G.  M. 
Dawson,  who  gave  an  ex-augural  address  on  "The  Geological 
record  of  the  Rockv  Mountain  region."  The  session  con- 
tinned  through  Dec.  27,  28  and  29,  and  was  attended  by  about 
thirty  geologists.  A  large  number  of  papers  w^ere  read.  A 
reception  was  given  the  Society  by  the  state  geologist,  Dr.  F. 
J.  H.  Morrill,  at  his  residence,  evening  of  Dec.  28,  and  the 
usual  subscription  dinner  occurred  Dec.  27.  The  Society  as- 
sembled, and  held  its  meetings,  in  the  Albany  Boys*  Acad- 
emy, in  the  room  in  which  Henry  demonstrated  publicly  the 
possibility   of   the   electric   telegraph.     The   president-elect   is 
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C  D.  Walcott.     The  next  winter  meeting  is  planned  to  occnr 
in  Chicago. 

Geological  Society  of  America,  Coroilleran  Section — 
The  western,  or  as  it  is  called  the  Cordilleran  section  of  the 
Geological  Society  of  America,  was  established  by  a  few  of 
the  geologists  of  the  western  coast  whose  distance  precludes 
them  from  joining  their  fellow  members  of  the  eastern  part 
of  the  continent,  save  on  rare  occasions.  The  second  annual 
meeting  of  this  section  was  held  on  Friday  and  Saturday,  the 
28th  and  2qth  of  E^ember,  at  the  State  University  of  Cali- 
fornia, at  Berkeley.  Prof.  W.  P.  Blake,  of  the  University  of 
Arizona,  presided  on  the  former  day  and  Prof.  W.  C.  Knigfat, 
of  Laramie,  Wyoming,  on  the  latter. 

The  first  meeting  was  held  in  the  council  room  of  the 
California  Academy  of  Science  at  San  Francisco,  and  the 
other  at  the  state  university,  Berkeley,  where  all  arrangements 
for  the  convenience  of  visitors  had  been  made  by  the  secretary 
and  other  resident  members.  Prof.  Andrew  Lawson,  of 
Berkelev.  secretarv  of  the  section,  was  also  the  secretarv  of 
the  meeting. 

The  following  summary  will  show  the  course  and  so^ 
of  the  proceedings: 

Prof.  Blake  read  the  urst  paper,  and  in  it  he  gave  the  evidence  for 
the  existence  of  any  ancient,  probably  Cambrian,  sandstones  and  qoartz- 
ytes,  on  the  granite  oi  .Vrizona.  He  also  mentioned  the  existence  of 
limestone  with  A  try  pa  reticularis  and  oi  quartzytes  widi  Devonian 
fossils.  In  the  Santa  Catanna  mountains  axe  uncrmnpled  strata,  prob- 
ably the  equivalents  ot  'he  Huronian  and  Lauren tian  of  Canada,  and 
also  much  crumpied  be«i5  Jt  Tiica-siate  standing  nearly  vertical. 

Reierenct;  was  also  made  to  'jcds  of  neijmat^te  and  in  the  discussioQ 
that  :oi lowed  :o  very  rhick  >tnita  of  Cambrian  lolomytes  with  strata 
of  '^uartzytcs  ^)enctr'ited  by  intrjsive  r^inircs  oi  Cambrian  date.  The 
paper  was  rui'uwcd  bv  L'T-'n^idenblc  iisc.i^^rion.  in  which  most  of  those 
present  '.uck  uur:. 

Pr'jf.  E.  W  C-a^^u-'ie.  ?r  ?i  sua  en  a.  next  ^poke  of  the  stmctnre 
?f  :he  5ierr:i  Maar**  iiid  tile  vailey  of  Pisadena.  This  range  is  ap- 
:jar'.'!u'v  I  jvr:t:rr.:af!0n  jt  *.he  -.:vm.*-  jt  :he  Santa  Lucza  and  the 
San  ^a:aei  :ncui!ta:ns.  and  ■:*n^i-:>  .f  r'vo  materiais.  The  front  or 
-Li'.tlKTTi  ■"ac-  :>  rjmvo>c-i  ji  \  'jr-  '.i^hi;-  'lomblendic  granite  whidi 
jy  -.hi.*   ;xv'i:;t:uii    'f    rvi!    s  ?iil;'i:«:':    •'  "i-i'i.'r  -ipid  and  deep  weather- 

rwz.      .'.r---ion    .-    :'j':!--e'^':evf :v    .c' :    .:^:   vit:    existence  of  crags  and 

::i:f'  .-  -:i:ii';r-:'i  :::i^c".:.t.  '?i.-:r!:i  :::-  .■■:«i  '(^rTiing  rhe  higher  portion 
>  1  V ■:::•,•  ^.'i-i'wiLiic  4"^;i>^  :'.i!'.i::::'i'^  ■•.t"  ittie  hornblende  and 
■.vi.*a::i';r':*ji  ••^t  -::v:'i""  -""^  -jv-  -.■:'. --^l  ■.■^•:  :n!i»-  and  Svarrs  SO  coo- 
:p.,-..n.;»  T'-ir.  :vr  .'■.:*  '"'••  ..'•"••  >  :.':'.>:  -ntireiy  made  tip  of 
i^rr**-.:.  i..-..rM  .:v.t-- vj  ^- :•■  :=:  iv-..r-:':".'.-n  oi  the  Sierra— often 
n-:!""    vvvir-:':?  ".'.•■.    :•..-."    :•'■:    .   ••-■  ■•••^^    ••[    strata  of  gpravei   and 

:■■    J-'....     V  L   ^    •       ^=:    ■:    'he   region  and   during 
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the  put  dry  season  they  have  been  exploited  id  the  search  fur  wnlcr 
and  have  proved  vastly  more  productive  than  had  been  previously 
believed.  The  possibility  of  largely  increasing  the  productiveness  of 
the  valley  of  Pasadena  and  the  plain  of  Los  Angeles  has  cunneiiucntly 
been  rendered  almost  a  certainty.  The  paper  concluded  with  a  few 
notes  on  the  method  now  in  course  of  adoption  for  further  increasing 
and  storing  tlie  rainfall. 

On  Friday  afternoon  Prof.  E.  W.  Hilgard,  of  the  agricultnral  de- 
partment of  the  University  of  California,  spoke  on  the  soils  of  the  state 
and  the  mode  of  their  formation,  the  power  of  kaolin  iza  I  ion,  the  effect 
of  wind  and  the  origin  of  adobe.  He  pointed  out  the  diRercnce  be- 
tween the  soils  of  the  dry  and  the  humid  regions,  maintained  that  few 
of  ihem  needed  "liming"  or,  as  it  is  called,  "marling,"  as  there  is  Bsu- 
ally  present  from  i  to  a  per  cent  of  lime  in  some  form  or  other,  a 
large  part  of  which  is  the  carbonate.  He  showed  that  most  of  (hcsc 
aluminous  soils  retain  the  potash  resulting  from  the  decomposition 
of  the  orlhoclase  and  that  in  many  cases  this,  in  the  %oil  of  the  sur- 
face alone,  amounts  to  i3O0  to  1800  pounds  per  acre. 

Much  of  the  sandy  soil  of  the  state  needs  only  waler  10  become 
abundantly  fertile,  if  tolerably  free  from  alkali  (chiefly  carbonate  of 
soda)  and  the  dryness  of  the  superficial  soil  forces  the  roots  lo  pene- 
trate it  to  a  much  greater  depth  than  roots  do  in  moisler  regions.  In 
consequence  of  this  fact  crops  which  there  would  be  killed  by  a  long 
drought  arc  here  able  to  survive  and  even  flourish  for  months  without 
any  rain, 

F.  M,  Anderson,  of  Berkeley,  described  the  river  system  of  north- 
ern California  and  the  Klamath  mountains.  The  latter,  he  said,  contain 
two  sets  of  flexures  al  nearly  right  sngtcs  ti>  each  other  but  not  co- 
eval. The  streams  have  the  level  intermontane  areas,  in  many  cases, 
by  narrow  canyons,  indicating  an  immature  topography.  Deposits  of 
Chieo,  or  Upper  Cretaceous,  age  occur  on  the  north  and  south  sides 
of  the  Siskiyou  river,  shaly  below  and  conglomeratic  above. 

The  lavas  of  the  Cascade  mountains  arc  of  ditTerenl  ages;  the 
oldest  eruptive  are  certainly  of  a  date  before  the  deposition  of  the 
Chieo,  or  Upper  Cretaceous,  beds  and  between  them  and  the  later  beds 
lie  the  lone  deposits.  Near  the  head  of  (he  Siskiyou  river  there  are 
indications  of  four  distinct  periods  of  volcanic  activity.  In  some  of 
the  tuffs  are  purified  fragments  of  wood  and  under  some  of  the 
andesitic  beds  are  specimens  of  unmineralized  wood,  black  and 
scorched.  This  and  the  drainage  of  the  region  which  is  antecedent  in- 
dicate the  very  recent  date  of  the  eruption. 

H.  W.  Fairbanks,  of  Berkeley,  spoke  on  a  group  of  volcanic  peaks 
called  "The  Three  Sisters"  in  central  Oregon.  They  rise  to  a  hight 
of  10,000  feet,  and  among  them  lies  a  glacier  nearly  three  miles  long 
and  half  a  mile  wide. .  The  paper  was  illustrated  by  a  number  of  slides. 
showing  the  mountain  and  the  topography  of  the  region.  The  recency 
of  volcanic  activity  is  proved  by  the  superposition  of  the  lava  on  glaci- 
ated surfaces  of  the  rock  and  by  the  presence  of  a  small  volcanic  cone  in 
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the  path  of  the  glacier  which  has  not  been  able  to  destroy  or  seriously 
erode  it 

Prof.  A.  C.  Lawson  presented  a  series  of  arguments  drawn  from 
the  superficial  structure  of  the  region  tending  to  show  that  the  elevation 
of  the  Sierra  Nevada  was  in  date  later  than  that  of  the  Coast  ranges.  He 
argued  that  the  river-valleys  of  the  two  regions  presented  marked  dif- 
ferences— that  the  drainage  in  the  Sierra  Nevada  is  consequent  and 
the  system  therefore  immature,  while  in  the  Coast  range  the  drainage 
is  subsequent  and  the  geomorphy  mature.  Illustrations  were  drawn 
from  the  branches  of  the  Klamath,  Eel  and  Sacramento  rivers  in  sup- 
port of  the  views  advocated  in  the  paper. 

Prof.  Lawson  also  spoke  briefly  on  a  specimen  of  feldspar-bearing 
corundum,  from  Plumas  county,  California,  which  occurs  as  a  dyke 
cutting  serpentine  on  the  eastern  flank  of  Spanish  peak.  He  spoke  of 
the  rocks  as  supersaturated  with  alumina,  and  said,  the  feldspar  was 
an  oligoclase  containing  by  an  analysis  i6  per  cent  of  corundum. 

Prof.  J.  C.  Merriam,  of  Berkeley,  spoke  of  the  John  Day  beds  ex- 
posed on  the  river  of  the  same  name.  The  canyon  is  cut  through  an 
immense  series  of  strata  about  10,000  feet  in  thickness  and  ranging 
from  the  Jurassic  to  the  Quaternary  and  composed  of  nine  or  ten  dis- 
tinct beds.  These  include  large  quantities  of  volcanic  tuffs  and  ashes, 
with  andcsitic  and  rhyolitic  lavas  lying  on  the  John  Day  beds  and 
tilted  with  them  to  an  angle  of  30®  over  which  are  seen  1,500  feet  of 
Columbian  lavas.  The  abundance  of  land  shells  of  such  genera  as 
Helix,  the  scattering  of  the  bones  of  the  skeletons  and  the  absence  of 
fish  remains  were  mentioned  as  tending  to  cast  some  doubt  on  the 
lacustrine  nature  of  the  deposit.  Ten  skeletons  have  been  found  whole 
and  very  few  plant  remains  occur.  The  Cretaceous  beds  are  of  the  age 
of  the  lower  Chico. 

Mr.  H.  M.  Turner,  of  Washington,  D.  C,  spoke  on  the  Geology  of 
the  Great  Basin  in  California  and  Nevada.  The  address  was  illustrated 
with  lantern  slides.  The  ridges  of  the  western  edge  of  the  Great 
Basin  in  Nevada  and  eastern  California,  are  usually  very  complex  in 
structure  and  composition.  They  comprise  sediments  of  Paleozoic 
and  Juratrias  age  much  disturbed  at  some  points  by  intrusions  of 
granolytes.  In  Tertiary  time  there  were  extensive  lakes,  and  con- 
temporaneous with  these  lakes,  and  also  later,  lavas  and  tuffs 
in  large  amount,  chiefly  rhyolytcs,  andesytes  and  basalts.  The  for- 
mation of  the  ranges  or  at  least  their  latest  uplifts  date  from  the 
Tertiary  or  post-Tertiary.  They  were  elevated  along  normal  faults, 
the  valleys  being  subsided  areas,  often  of  the  nature  of  rock  basins, 
whose  rims  are  made  up  of  rocks  older  than  the  desert  detritus. 

There  are  some  gneisses  pretty  certainly  of  pre-Cambrian  age. 
These  gneisses  underlie  lower  Cambrian  slates  and  limestone  There 
is  an  extensive  chert  series  rich  in  graptolites  supposed  to  be  of  lower 
Silurian  age.  There  are  also  lower  Trias  beds  in  the  Inyo  range  and  in 
the  Pilot  mountains  Jurassic  limestone  and  slate.  The  Tertiary  lava 
beds  contain  abundant  plant,  molluscan  and  fish  remains. 
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SOME  NOTES  ON  THE  TRAP  DIKES  OF  GEORGIA.  (^ 

By  S.  W.  McCallib,  Atlanta,  Ga. 
Plates  XII-XIV. 

The  trap  dikes  of  Georgia  are  confined  to  wliat  is  known  as 
the  Cr>'stalline  area,  an  old  land  surface,  occupying  the  central 
and  northern  part  of  the  state.  This  area  is  made  up  largely 
of  schists  and  gneisses  with  numerous  intrusive  bosses  of 
granite.  The  schists  and  gneisses  occur  chiefly  in  alternate 
bands  or  zones  having  a  northeast-southwest  trend.  The 
dikes  are  pretty  evenly  distributed  throughout  the  area  and 
are  found  mostly  in  groups  which  consist  of  one  large,  or 
mother  dike,  paralleled  on  one  or  both  sides  by  smaller  dikes. 

The  larger  dikes  often  attain  a  maximum  width  of  200 
feet  and  sometimes  extend  for  nianv  miles  with  but  few  in- 
terruptions.  A  good  example  of  one  of  the  larger  dikes  is 
to  be  seen  in  a  cut  on  the  Central  railroad,  a  few  miles  east  of 
Xewnan  in  Coweta  county.  This  dike  continues  for  about 
sixty-five  miles  in  a  southern  direction  through  Coweta,  Meri- 
wether and  Talbot  counties,  finally  disappearing  beneath  the 
Columbia  sands  some  four  miles  south  of  Talbotton.  Within 
this  distance  there  occur  a  few  breaks  or  interruptions  a  mile 
or  more  in  length  due  either  to  an  actual  discontinuity  of  the 
dike  or  its  burial  beneath  the  residual  products  derived  from 
the  enclosing  schists. 

The  smaller -dikes-*  Vaiy  from  an  inch  to  a  yard  or  more  in 
width  and  never  continue  for  more  than  a  few  hundred  rods. 
In  some  localities  these  smaller  dikes  are  quite  numerous.  On 
the  Georgia  railroad  near  Covington  as  many  as  seven  of  these 
(likes  are  to  be  seen  within  a  short  distance  of  each  other.   The 
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dikes  as  a  general  rule  all  have  a  vertical  dip,  and  a  northwest- 
southeast  trend,  thereby  invariably  cutting  the  gneisses  and 
schists  at  a  considerable  angle.  In  some  instances  the  large 
dikes,  owing  to  their  slow  weathering,  have  given  rise  to  low, 
flat  ridges  whose  sides  are  usually  strewn  with  innumerable 
rounded  bowlders,  locally  called  "nigger-heads." 

All  of  the  trap  dikes  throughout  the  Crystalline  area  ap- 
pear to  be  of  the  same  age  and  are  formed  of  similar  rock  ma- 
terial. They  are  evidently  of  a  comparatively  recent  geolog- 
ical age  as  is  shown  by  their  undisturbed  condition.  They 
rarely  ever  reveal  any  evidence  of  shearing  or  any  other  in- 
dication of  a  general  earth  movement.  Along  the  southern 
margin  of  the  Crystalline  area  between  Macon  and  Milledge- 
ville  at  a  point  on  the  Georgia  railroad,  near  James'  Station, 
a  dike  comes  in  contact  with  clay  beds  which  have  been  classed 
by  Dr.  Geo.  E.  Ladd  as  Tertiary  beds.*  The  exposure  here, 
however,  is  limited  and  gives  no  satisfactory  evidence  as  to  the 
relation  of  the  dike  to  the  Tertiary  clays.  A  further  study  of 
the  dikes  along  the  above  contact  will  probably  demonstrate 
that  they  are  of  Jura-Trias  age,  and  belong  to  the  same  system 
as  the  trap  dikes  of  the  Carolinas  and  Virginia. 

The  rocks  of  the  dikes  are  quite  compact,  fine-g^ned  and 
of  a  dark-gray,  or  almost  black  color.  They  are  typical  dia- 
bases made  up  of  plagioclase  and  augite  with  olivine  and  mag- 
netite as  the  chief  accessory  minerals.  The  plagioclase  occurs 
in  the  form  of  long,  slender,  lath-shaped  crystals,  which  arc 
frequently  enveloped  in  large  irregular  plates  of  augite,  thus 
exhibiting  a  beautiful  ophitic  structure. 


THE  PLAN  OF  THE  EARTH  AND  ITS  CAUSES 

By  J.  W.  Gbboobt,  D.Sc.,  Melbourne,  Ant. 
/'  {Continued  ftom  p.  119.) 

THE  EARTH  A  GEOID. 

But  it  may  be  said  this  tetrahedral  theory  is  impossible,  be- 
cause we  know  from  our  elementary  text-books  that  the  earth 
is  not  terahedral,  but  is  an  oblate-spheroid — ^that  is  to  say,  a 
sphere  slightly  flattened  at  the  poles. 

The  oblate  spheroid  is  no  doubt  the  form  that  rotation 
would  have  caused  the  earth  to  assume  as  it  solidified,  if  the 

•  The  American  Geologist,  vol.  xxxiii,  pp.  248. 
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earth  were  quite  homogeneous.  But  the  earth  is  not  homo- 
g^enous ;  it  varies  in  strength  and  density,  and  an  unequal  load 
on  the  earth  in  any  area  leads  to  a  divergence  there  from  the 
circular  shape.  It  is,  I  believe,  now  universally  admitted  that 
the  earth  is  flattened  laterally  at  the  equator  as  well  as  at  the 
I)oles.  The  question  was  long  disputed  between  the  astrono- 
mers, who,  from  theoretical  considerations,  declared  what  the 
shape  of  the  world  ought  to  be,  and  the  geographers,  whose 
measurements  showed  what  the  shape  actually  was.  There  is 
now  a  general  agreement  that  the  geographers  were  right ;  that 
the  equatorial  section  of  the  earth  is  elliptical,  similar  to  a  sec- 
tion through  the  earth  passing  across  the  poles.  The  earth  is 
therefore  not  a  true  spheroid,  and  it  was  accordingly  regarded 
as  an  ellipsoid  with  three  unequal  axes.  But  there  is  good  rea- 
son to  believe  that  the  earth  is  not  even  an  ellipsoid;  for  the 
northern  and  southern  hemispheres  are  unlike,  and  the  earth 
is  therefore  shaped  like  a  peg-top.  This  is  shown  in  two  ways. 
It  is  a  well  known  property  of  the  ellipse  that  degrees  meas- 
ured along  the  flatter  side  are  longer  than  degrees  measured 
near  the  sharper  end.  It  was  by  proving  that  a  degree  of  lat- 
itude in  Lapland  is  longer  than  a  degree  of  latitude  in  Ecuador 
that  the  French  astronomers  in  the  seventeenth  century  defi- 
nitely proved  the  earth's  flattening  at  the  poles.  In  continua- 
tion of  these  observations,  La  Caille,  in  1751,  measured  the 
length  of  a  degree  at  the  Cape  of  Good  Hope.  His  measure- 
ments showed  that  the  southern  hemisphere  was  also  flattened, 
but  to  a  different  extent  than  the  northern  hemisphere.  Tliis 
anomalous  result  of  La  Caille's  was  confinncd  and  extended  by 
Maclean 

The  inequality  of  the  two  hemispheres  has  also  been  shown 
by  the  variations  of  gravity  in  the  two  hemispheres,  which,  as  it 
is  more  easily  tested,  has  been  more  widely  applied.  The  prin- 
ciple is  simple.  A  pendulum  swings  more  rapidly  the  nearer 
it  is  brought  to  the  centre  of  the  earth.  A  pendulum  swings 
more  slowly  on  a  mountain-top  than  at  sea-level.  It  was  be- 
cause Richer,  in  1672,  found  that  a  clock  which  kept  correct 
time  at  Paris  lost  two  minutes  a  day  in  French  Guiana  that  the 
polar  flattening  was  first  suspected.  So  many  observations 
have  been  made  that  maps  have  been  compiled  showing  the  va- 
riation of  the  force  of  gravity  throughout  the  g'lobe.  Fig.  6  is  a 
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co|i_v  of  Su-iiiliausir's  map.  in  whicli  the  variation  of  gravity  is 
illiiatrdtcil  \>y  showing  how  man}-  millimetres  have  to  be  added 
to  tlu-  length  of  the  ix'n(Uilnm  which  heats  seconds  at  the  equa- 
tor, tu  niitkL-  it  vihrate  at  the  same  rate  elsewhere.  In  botli 
northern  and  southern  hemispheres  the  second-beating  pendu- 
Uini  has  to  W  stt-adily  k'ngthencd  as  we  approach  ibe  poles,  but 
the  deviation  is  at  a  different  rate  for  the  two  hemispheres. 
The  snrfact  lA  the  southern  hemisphere  does  not  approach  the 
earth's  CL'ntrc  of  mass  at  the  same  rate  as  the  northern  hemis- 
plierc.  If  liif  earth's  centre  of  mass  is  at  its  geometrical 
centre,  then  the  earth's  form  is  elongated  southward  Hke  a  pc?- 
top.  li  is  riflcii  held  that  the  earth's  centre  of  mass  is  to  tlie 
sotilh  III  it,-.  Center  of  fonn,  because  of  tlie  accumulation  of 
water  in  tin-  fioiitliern  hemisphere.  It  is  held  that  the  water  is 
piled  up  there,  i>wing  to  the  greater  density  of  the  southern 
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hemisphere.  If  that  be  the  case,  then  llie  peg-top  elongation 
is  all  the  greater. 

Morevoer,  there  is  evidence  to  show  that  ihe  earth's  figure  is 
still  more  irregular  than  that  of  a  peg-top."  Sir  John  Her- 
schel,  although  taking  the  astronomical  side  in  the  controversy, 
aptly  stated  the  tacts  in  the  statement  that  "  the  earth  is  earth- 
shaped."  Listing's  name  of  geoid.  which  expresses  this  view, 
has  now  supplanted  the  old  oblate  spheroid  from  everything 
except  the  text-books.  That  there  are  local  ileformations  in 
the  earth's  shape  is  demonstrated  by  the  differences  between 
the  astronomical  and  trigonometrical  determination  of  posi- 
tions. Places  have  two  different  longitudes,  the  astronomical 
longitude  obtained  by  a-stronomical  observations,  and  geodetic 
longitudes  determined  by  terrestrial  measurements;  the  differ- 
ences are  often  considerable.  It  was  calculated,  e.g.,  that  the 
trigonometrical  and  astronomical  determinations  of  the  sta- 
tions used  in  the  deli  mi  nation  of  the  Canadian  and  United  States 
frontier  should  have  agreed  within  40  feet,  or  0.4  of  a  second 
of  arc ;  but  the  average  error  was  more  than  five  times  as  great, 
and  ran  up  to  eighteen  times  as  much  as  it  should  have  been. 

Astronomical  determinations,  moreover,  are  often  not  only 
inconsistent  with  geographical  measurements,  but  they  are 
often  inconsistent  with  themselves.  For  example,  one  of  the 
most  refined  estimations  of  longitude  that  have  yet  hwu  at- 
tempted, is  the  series  undertaken  by  the  "K.  K.  topc^aphische- 
militar  Institot"  of  Vienna.  To  ensure  accuracy  during  these 
observations,  the  most  elaborate  precautic«is  were  taken.  Cor- 
rections were  even  made  for  the  effect  of  the  doses  of  quinine 
which  the  astronon*rs  took  when  working  in  malarial  cli- 
mates. In  one  of  the  series  of  observations,  the  difference  in 
longitude  between  Vienna  and  Milan  was  determined  first  di- 
rectly, and  then  bv  determining  the  difference  between  Vienna 
and  Brescia  and  that  between  Brescia  and  Milan.  But  in  spite 
of  all  the  care,  the  results  did  not  tally.  The  sum  of  the  two 
differences  was  not  the  same  as  the  single  difference.  The 
wh<Je.  in  fact,  in  this  case  was  less  than  the  sum  of  its  parts. 

To  astronomers  it  may  seem  an  unnecessary  waste  of  time 
to  devote  so  much  to  proving  these  deformations  from  the 
"spheriMd  of  reference."     But  as  the  idea  is  less  familiar  to 

•  Ai  Prof.  Darwin  luggMt*.  potato-chapecl  would  be  a  more  cofrect  simile. 
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geographers  and  geologists,  the  insistence  on  this  deformation 
may  not  be  useless.  It  may  be  worth  while  adding  a  quotation 
from  Prof.  C.  A.  Young,*  to  show  that  the  spheroid  of  refer- 
ence is  only  a  convenient  assumption.  "On  the  whole/'  says 
Prof.  Young,  "astronomers  are  disposed  to  take  the  ground 
that  since  no  regular  geometrical  solid  whatsoever  can  absolute- 
ly represent  the  form  of  the  earth,  we  may  as  well  assume  a 
regular  spheroid  for  the  standard  surface,  and  consider  all  var- 
iations from  it  as  local  phenomena,  like  hills  and  valleys/' 

As  deviations  from  the  asstuned  spheroid  of  reference  exist, 
it  remains  to  inquire  whether  there  is  any  evidence  that  they 
agree  in  position  and  arrangement  with  the  theory  of  the  tetra- 
hedral  deformation  of  the  lithosphere. 

The  evidence  already  quoted  of  the  dissimilarity  between 
the  northern  and  southern  hemispheres  and  the  elongati(Mi  of 
the  latter,  is  geodetic  proof  of  the  northern  flattening  and  the 
antarctic  projection,  t.  e.,  of  one  face  and  one  tetrahedral  cor- 
ner. 

The  three  flattened  lateral  faces  and  three  projecting  verti- 
cal edges  are  sufficiently  demonstrated  by  the  three  great 
oceans  and  the  land-lines  that  have  divided  them.  Practicall)', 
all  the  theories  agree  upon  that  point.  It  is  well  known  that 
gravity  is  greater  than  was  expected  at  most  oceanic  islands. 
Lallemand  and  de  Lapparent  have  suggested  that  this  is  due  to 
those  islands  being  below  the  level  of  the  ordinarily  accepted 
figure  of  the  earth,  and  therefore  nearer  the  earth's  centre  of 
gravity.!  Fisher  has  suggested  that  the  Pacific  ocean  is  the 
hollow  left  by  the  loss  of  the  material  which  forms  the  moon. 
Faye  has  explained  the  ocean  basins  and  the  greater  density 
of  the  crust  below  them  as  due  to  more  rapid  refrigeration 
below  the  cold  oceanic  abysses.  According,  therefore,  to  Faye, 
the  rocks  Ix^low  the  oceans  contracted  more  than  those  below 
the  continents,  became  denser,  and  accordingly  sank. 

Thus  iruni  all  points  of  view  the  three  oceans  represent 
areas  oi  depression,  and  the  three  land-lines  of  South  America, 
Africa,  and  Australia  mark  intervening  projections.  The 
f>ceans  mark  the  low  areas  in  the  lithosphere  as  obviously  as 

•  C.  A.  VouNC.  (icneral  Astronomy/  p.  101.     1889. 

T  This  cxplnnatton  is  inarleriuntc,  as  it  does  not  explain  the  dCTiation  of 
the  pcndttlum  on  coast-lines  towards  the  ocean.  The  excess  vertical  attraction 
of  tiir  islands  has  been  explained  as  due  to  the  attraction  of  the  mass  of  the 
island  and  its  base. 
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the  bubble  of  a  spirit-level  marks  its  higher  end ;  and  they  give, 
therefore,  evidence  of  the  triangular  lateral  flattening  of  the 
southern  half  of  the  globe. 

But  as,  on  the  mathematical  figure  of  the  eartli,  such  lateral 
flattening  is  more  improbable  than  variations  along  the  axis 
of  rotation,  let  us  consider  whether  there  is  any  geodetic  proof 
of  these  flattened  faces  and  projecting  edges. 

There  has  been  a  long  controversy  as  to  whether  Bessel's  or 
Clark's  ellipsoid  better  represents  the  figure  of  the  earth. 
Clark's  figure  was  the  later  in  date,  and  is  generally  considered 
as  the  more  exact.  Helmert  therefore  expresses  some  surprise 
that  the  gravitational  observations  in  central  Europe  along  the 
52d  parallel  of  north  latitude  agree  with  Bessel's  curve  better 
than  they  do  with  Clark's;  this  is  the  case  all  across  the  area 
on  which  Bessel's  work  was  done.  But  a.s  soon  as  we  get  into 
the  Volga  basin,  the  gravity  line  diverges  froni  Bessel's  curve 
and  approaches  that  of  Clark.  The  change  comes  due  north 
of  the  Eurafrican  meridional  edge.  The  anomalies  are  at 
once  removed  if  we  assume  that  both  ellipsoids  are  locally  cor- 
rect; that  Bessel's  cur\'e  is  true  for  Europe,  and  Clark's  cor- 
rect for  Asia ;  and  that  the  two  merge  into  one  another  north 
of  the  line  of  the  Eurafrican  tetrahedral  edge. 

On  the  tetrahedral  theory,  there  ought  to  be  a  projection 
north  of  this  tetrahedral  edge.  .'Xnd  gravity  determinations 
show  a  great  deficiency  in  gravity  in  western  Russia  in  an  ap- 
propriate area  along  the  Volga  basin.  It  is  true  that  the  fig- 
ures have  been  queried.  There  is  a  natural  tendency  to  query 
all  facts  that  do  not  agree  with  theory,  and  the  notes  of  interro- 
gation in  this  case  may  illustrate  that  tendency.  But  on  the 
view  that  there  is  an  upward  deformation  of  the  earth  in  this 
area,  the  anomalous  deficiency  in  gravity  observations  is  at 
once  explained. 

It  may  be  replied  that  the  existence  of  a  normal  gravity  at- 
traction at  Moscow  negatives  the  assumption  of  a  superficial 
deformation;  but  the  relative  excess  of  attraction  there  is  pos- 
sibly due  to  the  outcrop  of  Palaeozoic  rocks,  of  greater  density 
than  the  loose  sediments  of  the  Russian  lowlands. 

Passing  frtwn  Russia  to  the  area  in  North  America,  where 
the  next  tetrahedral  comer  should  occur,  there  is  another  area 
of  deficient  gravit>',  which  may  also  be  due  to  that  area  being  a 
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tetrahedral  elevation.  The  deficiency  is  explained  by  the  as- 
sumption of  vast  subterranean  blocks  of  very  light  material. 
But  that  explanation  is  prohibited  in  the  Russian  case,  since, 
as  Helmert  has  sho>\Ti,  the  deviations  of  a  plumb-line  from  the 
vertical  are  inconsistent  with  the  existence  of  such  blocks.  In 
reference  to  the  North  American  case,  Helmert  has  remarked 
that  the  light  subterranean  blocks  must  have  descended  for  sev- 
eral kilometres ;  and  Mildenhall  has  shown  that  no  reasonable 
assimiption  will  suffice  to  explain  the  facts. 

It  would  be  too  much  to  claim  that  geodetical  evidence  at 
present  available  proves  the  tetrahedral  theor>',  for  accurate 
data  are  not  yet  available  for  a  sufficient  proportion  of  the 
earth  to  show  whether  the  major  deviations  are  based  on  a 
regular  plan ;  but  papers,  such  as  that  of  Mr.  E.  D.  Preston, 
show  that  geodesists  are  more  inclined  to  regard  the  theory 
with  favor.  It  is  at  least  clear  that  geodesy  does  not  disprove 
the  hypothesis,  and  that  some  puzzling  geodetic  anomalies  re- 
ceive a  simple  solution  if  the  theory  be  true. 

GEOLOGY  AND  THE  TETRAHEDRAL  COIGNS  AND  EDGES. 

Let  us  now  turn  to  geolog}-,  to  see  if  its  evidence  as  to  the 
past  history  of  the  world  refutes  or  supports  the  theor}-. 

The  geological  evidence  ought  to  be  of  especial  value,  as 
we  should  expect  to  determine  the  position  of  the  tetrahedral 
coiens  on  the  face  of  the  earth.* 

If  the  tetrahedral  theory  be  true,  the  four  tetrahedral  coigns 
should  be  areas  of  unusual  stability  and  strength.  Ccmiparison 
of  the  three  meridional  land-belts  shows  that  each  of  them  be- 
gins in  the  north  with  a  vast  block  of  Archean  rocks.  The  Eu- 
rafrican  zone,  in  longitude  20®  E,  begins  with  a  block  occupy- 
ing Scandinavia,  Finland,  and  Lapland,  which  Suess  has 
termed  the  '^Scandinavian  schikl."  It  is  an  area  of  great  ge- 
ological antiquity,  which  has  long  remained  above  sea-level: 
bands  of  marine  (le|)osits  of  different  ages  sweep  round  it,  but 
the  block  mav  never  have  been  below  sea-level.  It  has  un- 
questionably  remained  as  a  solid  impassive  block,  which  lias» 
dominated  the  whole  geological  history  of  northern  Europe. 
South  of  the  Scandinavian  coign  are  the  transverse  east  anil 
western  chains  of  the  Alps  and  the  Atlas,  with  the  Mediterran- 

*  Thcj  were  a««siKn«d  to  their  seomctrical  positionn  by  Green,  and  in  the 
nteresting  recent  tetrahedral  volcanic  map  of  M.  Michel-Levy. 
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ean  trough  between;  and  far  to  tlie  south  we  have  the  old 
plateau  of  South  Africa. 

Let  us  now  go  120"  westward  to  the  American  zone.  It 
begins  with  another  block  of  old  Archeaji  rocks,  forming  what 
Siiess  has  called  the  "Canadian  schild."  It  occupies  Canada, 
Labrador,  and  most  of  Hudson  bay  and  Baffin's  Land,  and  un- 
derlies Greenland.  Bands  of  marine  deposits  surronnd  it,  but 
it  has  perhaps  never  been  itself  below  sealevcJ;  its  geological 
age,  at  any  rate,  is  enomioiis.  So\ith  of  the  North  American 
ccMgn  we  have  again  a  pair  of  east-west  mountain  chains,  form- 
ing the  highlands  of  Cuba  and  Venezuela,  separated  by  the 
Caribbean  trough.  This  zone  also  ends  southwards  in  an  old 
plateau  resting  on  Archean  rocks. 

The  third  meridional  zone  repeats  tlie  same  characters.  It 
begins  with  a  block  of  Archean  rocks,  of  which  we  may  speak 
as  the  "Manchurian  coign."  South  of  this  coign  are  the  east 
and  west  ridges  of  Malaysia  and  the  depressions  parallel  to 
them;  and  south  of  that,  again,  we  have  the  Archean  plateau 
of  Australia. 

The  three  main  land  a.\es  of  the  world  have  rt-niarkable 
resemblances  in  stnicturc,  and  they  present  three  equidistant 
blocks  of  great  stability  at  the  three  tetrahedral  comers.  We 
may,  therefore,  speak  of  ihe  "schild"  as  the  three  northern 
coigns  or  comer-stones  of  the  earth. 

The  existence  of  these  massive  coigns*  at  the  three  tetra- 
hedral comers  has  produced  one  point  of  divergence  in  the 
earth-plan  from  the  geometrical  figure  of  the  tetrahedron.  Tlie 
existence  of  three  such  broad  massive  blocks  naturally 
strengthens  the  line  between  them;  and,  as  we  have  seen,  the 
main  divide  in  the  northern  hemisphere  runs  from  coign  to 
coign.  The  tetrahedral  edges  woidd  naturally  be  lines  of  weak- 
ness and  of  movement ;  but  in  the  northern  lienwsphere,  the 
horizontal  lines  of  yielding  are  deflected  southward  by  the 
stability  of  the  band  supported  by  the  earth's  three  northern 
coigns.  Hence  the  great  band  of  disturbances  is  subtropical, 
and  runs  from  the  Caribbean  to  the  Mediterranean,  across  the 
Persian  gulf  and  the  Malaysian  archipelago. 

•  Tlris  nnntloB  of  the  word  "colsn"  for  "corner"  I  one  to  Ur.  L.  Plctcb- 
er.  to  nbomTara  Indebted  for  mach  belprnt  sdvlce.  The  tem  ii  aaltable.  ai  It 
■■  DKd  tor  a  printer*!!  Hedc  ■<  nell  Ba  for  tbe  coner-itone  of  a  hotiK. 
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In  the  case  of  the  vertical  edges,  however,  the  agpreement 
in  position,  as  well  as  direction,  is  exact.  Precisely  below  the 
three  comer  blocks,  there  are  three  lines  of  instabilitv  coindd- 
mg  with  the  vertical  tetrahedral  edges.  Below  the  Canadian 
ccHgn  there  is  the  line  of  the  Andes  (long.  75*),  which,  accord- 
ing to  some  geologists  is  still  tmdergoing  devatioo.  Almost  I2cf 
east  of  the  Andes,  and  bdow  the  Scandinavian  ccMgn,  is  the 
£r}threan  rift-valley  (mean  long.  40*),  in  which  some  of  the 
earth-movements  are  unquestionably  of  very  recent  date. 
Again,  nearly  120^  eastward,  and  due  south  of  the  Manchurian 
coign,  is  the  recent  line  of  movement  represented  by  the  east- 
em  coast  of  Atistralia. 

The  main  mountain  systems  of  the  world  correspond,  then, 
in  direction  or  position,  or  in  both,  with  the  edges  of  the  tetra- 
hedron. The  mountain  lines  run  east  and  west  in  the  northern 
hemisphere,  and  run  meridionally  in  the  southern  hemisphere 
— that  is,  always  parallel  to  the  tetrahedral  edges. 

But  it  will  be  said  there  are  three  great  exceptions,  for  the 
Ural  mountains,  the  Appalachians,  and  the  Rocky  motmtains 
are  meridional  instead  of  transverse,  and  that  they  therefore 
contradict  the  scheme.  The  contradiction  is  only  apparent. 
The  existing  mountain  ranges  date  from  two  main  periods  of 
mountain-building — the  Upper  Cainozoic  and  the  Upper  Palae- 
ozoic. The  Upper  Tertiary-  system  includes  the  Alps,  Andes, 
Himalaya.  Pyrenees,  Caucasus,  and  Atlas,  etc.  The  Urals, 
Rock>-  mountains,  and  Appalachians  belong  to  the  Upper 
Palaeijzoic  system.  Before  we  can  say  whether  these  chains 
confirm  or  refute  the  tetrahedral  theon-,  we  must  determine 
the  distribution  of  land  and  water  at  the  time  when  thev  were 
made. 

Xow.  we  know  that  in  upperPalaeozoic  times  one  land  fauna 
and  tiora  ranged  round  the  southern  liemisphere  from  Austra- 
lia to  India,  and  thence  to  the  Cape  and  South  America.  In- 
stead of  there  haying  then  been  a  continuous  ocean-belt  sep- 
arating triangrilar  p^jints  of  land,  there  was  then  a  southern 
■and-bclt.  whicli  was  supp«>rted  by  three  great  equidistant  cor- 
ner-stones, the  Archean  blocks  of  South  Africa,  of  Australia, 
and  of  F'atagL'nia  and  the  Patagonian  platform. 

What  the  south  iv-le  was  doing  then  is  hidden  by  our  de- 
lorab'e  icTT'orarice  •.»!  that  area:  but  there  is  evidence  that  to 
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sequence  of   renewed  contraction,   the   flattening  may   occur 


I  elsewhere. 

I 


•  This  hypothesis  of  the  alternation  of  periods  of  deformation 

\  with  periods  of  spheroidal  recovery  is  geologically  useful,  as 

^  it  suggests  an  explanation  of  a  certain  periodicity  in  geolog- 

\y  ical  phenomena.    For  instance,  the  later  half  of  Palaeozoic  time 

^^  may  have  been  a  time  of  slow  tetrahedral  collapse,  culminat- 

^^  ing  in  an  instability  which  led  to  the  great  mountain  move- 

\*  inents  which  closed  the  Palaeozoic ;  then  followed  a  quiet  period 

y,  of  slow  restoration  of  the  spheroidal  form,  causing  the  series 

^^  of  marine  "transgressions"  which  are  the  dcwninant  feature  of 

^  the  geological  history  of  the  Mesozoic  era. 


\'ektical  Range  of  Deformation. 


1  Reluctance  to  admit  the  [x>ssibility  of  such  changes  is  re- 

•  duced  when  wc  recollect  how  insignificant  are  the  differences 

!  in  level,  when  compared  with  the  size  of  the  earth.     The  use 

of  exaggerated  diagrams  leads  to  imconscious  magnification  of 

the  extent  of  the  polar  flattening,  and  of  the  diflFerence  between 

the  continental  summits  and  the  oceanic  depths.    The  study  of 

/  large-scale  maps  has  been  authoritatively  recommended.     The 

'*  examination  of  true  scale  curves  an<l  outlines  may  help  us  to 

realize  the  actual  conditions.  The  accompanying  figure*  shows 
a  section  of  the  earth's  crust  from  Stromboli  to  \'esuvius.  The 
thick  black  band  represents  the  section  cross  the  Mediter- 
ranean :  the  line  ab  marks  the  depth  of  the  Atlantic ;  the  upper 
curve  shows  where  the  surface  would  be  if  there  were  no  polar 
flattening.     IMio  lowest  line  marks  the  depth  of  one-hundredth 

■ 

of  the  earth's  radius.     The  thickness  of  this  zone  in  compar- 
\  ison  with  the  size  of  the  earth  is  shown  on  Fig.  7,  b,  which  is  a 

^  sector  of  a  circle,  w  iih  the  zone  of  a  shown,  reduced  to  its  true 

5  relative  size.     The  polar  flattening  is  l)arely  recognizable,  and 

the  difference  between  sea-lx»ttoni  and  mountain  summit  is 
marked  <»nly  by  variations  in  the  thickness  of  a  line. 

The  diagram  illustrates  the  insignificance  of  the  deforma- 
1  tions   re«iuired :   and   that  crustal   disturbance    occurs     much 

\  deepirr  tlian  the  layer  with  which  the  tetrahedral  theory  is  con- 

1  ccrned  is  shown  by  the  fact  that  tlie  estimated  centre  of  origin 

of  tiK-  LiO). .n  oartb.«iuake  lies  far  bclinv. 

•  IJaHrl  or.  I.in  »:»:'*.  '  l{r<!poril.' 
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sphere  without  Polar  flattening 


JJ«att%rnnnLttjfSor 


Otpth  of  Atlantic 


Lisbon  earthquake 


Depth  of  t^th.  earth's  radius 


a 

FIG.  7. — DIAGRAM  OF  RELATIVE  EXTENT  OF 
INEQUALITIES  ON  THE  EARTH's  SUR- 
FACE.  Oj  A  TRUE  SCALE  CURVE  OF   PART 

OF   earth's   surface;   b,   sector   of 

CIRCLE^  SHOWING  RELATIVE  SIZE  OF 
ZONE  INCLUDED  WITHIN  a  TO  THAT  OF 
THE   EARTH. 


This  diagram  also  serves  to  show  that  the  amount  of  con- 
traction in  the  earth  necessary  to  allow  tetrahedral  deforma- 
tion is  very  small.  This  is  important  because,  as  Lord  Kelvin 
has  shown,  the  amount  of  contraction  allowable  during  the 
later  stages  of  the  earth's  history  is  very  limited.  But  geol- 
ogists have  the  authority  of  Prof.  Darwin  for  accepting  a  cer- 
tain amount  of  contraction.  **A  cooling  celestial  orb  must 
contract  by  a  perceptible  fraction  of  its  radius  after  it  has  con- 
solidated," he  tells  us,  and  his  considerations  "only  negative  the 
hypothesis  of  any  large  contraction  of  the  earth  since  the 
moon  has  existed."*  And,  unlike  the  contraction  theory  of 
the  origin  of  mountain  chains,  the  theory  of  the  tetrahedral 
deformation  of  the  lithosphere  requires  only  a  small  amount 
of  radial  contraction. 

Finally^  it  may  be  urged  that  even  such  deformation  as 
the  tetrahedral  theory  requires  is  impossible,  since  physicists 
have  taught  us  that  the  earth  is  rigid.  To  this  objection  it  is 
only   necessary-  to   reply   that   Lord    Kelvin's   rigidity   argu- 

•  PbiJ.  Trmas.,  vol.  170,  pp.  522,  523. 
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ments  apply  to  the  earth  as  a  whole,  and  not  to  its  crust ;  they 
deny  the  fluidity  of  the  interior  of  the  Earth,  and  do  not  pro- 
deny  the  fluidity  of  the  interior  of  the  earth,  and  do  not  pro- 
hibit any  local  deformations  of  the  exterior  crust.  The  once 
prevalent  astronomical  belief  in  the  absolute  invariability  of 
the  earth's  shape  and  in  the  absolute  fixity  of  is  axis  of  rota- 
tion (expressed,  e.g.,  by  Sir  J.  Herschel  in  1862)  no  longer 
hinders  progress.  In  fact,  astrcmomers  tell  us  that,  instead 
of  the  absolute  fixity  of  the  pole,  it  now  shifts  its  position  to 
an  appreciable  extent  under  the  influence  of  the  movements  of 
the  atmosphere,  the  unequal  melting  of  the  polar  ice,  and  by 
heavy  falls  of  snow  on  the  Siberian  highlands.  These  move- 
ments of  the  pole  are  important,  because  they  are  taken  to 
prove  a  certain  elasticity  in  the  earth.  The  movements  dem- 
onstrated by  actual  observations  are  so  far  minute;  but  they 
at  least  allow  geologists  to  say  that,  as  such  slight  causes  as 
those  mentioned  produce  appreciable  effects,  more  powerful 
causes  acting  for  longer  periods  would  work  greater  changes. 

Summary. 

The  object  of  the  paper  is  to  show  that  the  old  belief  in  a 
definite  plan  of  the  earth  is  justified,  since  the  distribution  of 
land  and  water  on  the  globe  has  been  determined  by  the  tetra- 
hedral  arrangement  of  the  elevations  and  depressions  in  the 
surface  of  the  lithosphere. 

This  tetrahedral  plan  is  shown  by  the  existence  of  (i)  a 
northern  land-belt,  surrounding  a  northern  ocean,  and  giving 
off  three  meridional  land  lines,  which  taper  southward;  (2)  the 
southern  ocean  belt  surrounding  a  south  polar  continent,  and 
the  three  meridional  oceans;  (3)  by  the  antipodal  position  of 
land  and  water ;  (4)  by  the  course  of  the  main  watersheds  and 
mountain  chains. 

It  is  held  that  this  arrangement  was  not  established  in  the 
earth's  infancy,  and  therefore  has  to  be  attributed  to  some 
agency  which  has  acted  throughout  geological  history. 

There  are  reasons  for  believing  that  a  contracting  sphere 
with  a  hard  crust  would  undergo  tetrahedral  deformation,  and 
the  evidence  of  geodesy  shows  that  the  earth  has  been  de- 
formed from  its  spheroidal  form.  Its  present  figure  may  be 
rlefined  as  a  geoid,  which  has  been  derived  from  a  spheroid 
by  irregular  tetrahedroid  deformation. 
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If  such  tetrahedrai  collapse  be  granted  in  the  case  of  the 
then   the   existing   arrangement   of    oceans   and  contt* 

ts   receives  a  natural  explanation. 

The  changes  in  the  distribution  of  land  and  seas  in  the  past 
hay  hti  explained  as  due  to  the  conflict  of  two  oppoang  forces, 
iollapse  caused  by  the  eartli's  contraction  producing  dcforma- 
ions,  which  are  reduced  by  the  effects  of  the  earth's  rotation. 
Seolo^ical  history  affords  evidence  of  the  altematioQ  of  per- 
D*ls  of  tetrahedrai  collapse  and  spheroidal  recovery. 
,  The  plan  of  the  earth  may.  in  short,  be  attribilted  to  the 
fcontinual  foundering  of  the  earth's  external  dull,  owing  to 
the  vmceasing  shrinkage  of  its  internal  mass. 


. 


BTHOTHETES   MINUTUS.  N.  SP.  FROM  THE  SA- 
LEM* LrMESTONE  OF  HARRODSBURO.  INO. 


The  specimens  described  in  the  present  paper  are  from  the 
ShaniJoned  (|uarr>-  known  as  the  Cleveland  Stone  Company's 
<iuarry  located  one  mile  north  of  Harrodsburg,  Mcmrqe  coanty> 
Indiana.  T-his  quarry  ts  in  the  Salem  limestone,  and  the  speci- 
ineiis  come  from  the  top  layers  of  the  quarry  and  also  from 
near  tJie  summit  of  the  formation.  They  arc  associated  with 
alnuidant  represenlalives  nf  the  entire  SpergtH  hill  fauna,  and 
arc  so  far  as  I  can  ascertain  specifically  identical  with  the 
forms  from  Spergen  hill  referred  by  Hallt  to  Strepiorhynchiis 
(Orlhis)iimbraculum  Schlotheim. 

DESCBIPTIOK    OF    iT..\TE   XV. 

Fig.  I.    Ventral  valve  of  a  specimen  4.7s  mm.  broad. 

Fig.  13.    Dorsal  valve  of  a  specimen  5.5  mm.  broad  by  4  mm.  long. 

Fig.  2.     Profile  view  of  a  specimen  5  mm.  long. 

Figs.  3,   4,   5.     Ventral,  profile  and   cardinal   views  of   a   specimen  0.9 

mm.  broad  and  0.6  mm.  long. 
Figs.  6,  7,  8.    Three  views  of  a  specimen  3  mm.  broad  which  has  ;in 

abnormally  convex  ventral   valve  and  an  abnormally  short  aiea. 

Only  one  such  specimen  was  found  and  tl  is  possible  that  it  may 

prove  to  belong  to  a  distinct  species. 

■  The  Dunc  SmIvb  U  aBinnftnl  bT  the  writer  to  a  paprraow  Id  dtch  in  plan 
<irtlwnuic  BarflM  u  appHcd  to  the  oolitic  llmatoiK  of  Indiana,  tbc  latter 
aamc  haTlas  btfa  Ibr  nanir  yean  prcoccapled  ■■  tb*  name  uf  tbe  Bedford  ahale 
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Figs.  9,  10,  II.    Three  views  of  a  specimen  2  mm.  broad. 
Figs.  12,  13,  14.    Specimen  2.5  mm.  broad. 

Figs.  15  and   16.    Ventral  and  dorsal   interiors  of  two  mature  spec- 
imens. 

DESCRIPTION  OF  SHELL. 

Shell  semi-ovate  to  subquadrate  in  old  individuals ;  hinge- 
line  usually  less  than  the  greatest  width  of  the  shell,  especially 
in  young  individuals ;  cardinal  extremities  forming  an  obtuse, 
or  sometimes  a  right  angle  with  the  lateral  margins.  Surface 
firmly  plicated;  plications  increasing  toward  the  margins  by 
interstitial  implantation.  Crests  of  the  plications  crenulated  by 
numerous  equally  spaced  fine  concentric  lines. 

Ventral  valve  concave,  with  a  pronounced  tendency  to  ir- 
regular growth  about  the  beak.  In  mature  individuals  the 
beak  becomes  strongly  retrorse  and  greatly  elevated,  equalling 
in  hight  one-half  the  length  of  the  shell.  Area  well  defined. 
flat,  showing  in  well  preserved  specimens  a  low  ridge  on  each 
side  of  the  prominent  deltidium  and  parallel  with  its  margins. 
The  younger  specimens  sometimes  show  a  perforation  of  the 
apex  of  the  deltidium. 

Dorsal  valve  regularly  convex,  greatest  elevation  about 
one-third  of  the  way  from  the  beak  to  the  front  margin,  though 
there  is  considerable  variation  in  this  respect  In  individuals  of 
diflferent  age.  Usually  some  flattening  at  the  cardinal  extrem- 
ities.   Area  very  narrow  or  scarcely  at  all  conspicuous. 

Interior  of  ventral  valve  showing  rather  prominent  teeth 
which  diverge  widely.  Cardinal  process  in  the  dorsal  valve 
elevated,  projecting  somewhat  beyond  the  hinge-line;  notch 
shallow,  the  grooves  on  the  posterior  faces  of  the  apophyses 
very  faint. 

Ratio  of  breadth  to  length  of  an  average  adult  individual 
about  as  eleven  to  eight. 

Observation.  This  form  cannot  be  referred  to  the  0. 
(Tcrebratulitcs)  umbraadnin  of  Schlotheim*,  from  which  it 
di iters  in  the  less  length  of  the  hinge-line,  fewer  plications, 
j2:reater  proportionate  elevation  of  the  ventral  beak  which  in 
the  present  species  becomes  strongly  retrorse,  and  the  sub- 

•  SCHLOTHBIM,     PRTRKFK.    I.    256,    11.67;    SCIIMKR,   BRACHIOP.  DBK    EIFBI., 

216,  t.  .3fi,  fiK.  2;  t.  4-4.  fi£.  4-:  Bronx  Leth.ka,  ('tKog.  I,  361. 
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• 
quadrate  rather  than  semi-circular  outline  of  the  shell.  The  fig- 
ures of  Schlothdm's  species  also  show  a  strongly  quadrilobatc 
cardinal  process,  While  in  the  present  species  the  notch  is  very 
shallow  and  the  grooves  are  very  faint.  The  species  to  some 
extent  resemble  O.  lens  from  which  it  differs  in  the  form  of  the 
cardinal  process  and  the  greater  proportionate  length  of  the 
latter  species. 

Development.  In  the  search  for  specimens  of  this  rather 
rare  species  (about  fifty  specimens  were  found  among  several 
thousand  of  the  commoner  Spergen  hill  forms)  a  number  of 
very  young  stages  were  obtained.  While  even  the  adult  in- 
dividuals share  in  the  general  stunting  so  characteristic  of  the 
entire  Spergen  hill  fauna  no  complete  specimen  in  the  writer's 
collection  having  a  length  of  more  than  5  mm.,  nevertheless 
these  larger  individuals  present  the  usual  features  of  maturity. 

The  smallest  individual  observed  has  a  length  of  0.6  mm. 
and  a  breadth  of  0.9  mm.  In  this  specimen  the  ventral  valve  is 
roughly  conical  in  shape,  though  slightly  more  convex  toward 
the  beak  which  projects  conspicuously  beyond  the  hinge-line 
and  is  very  prominent.  The  surface  shows  eighteen  plications 
at  the  margin  as  against  forty  in  the  largest  individual  ob- 
served, while  the  posterior  third  of  the  shell  is  without  orna- 
mentation except  a  few  obscure  concentric  markings.  The 
area  is  high  and  the  large  deltidium  less  sharply  marked  off 
from  it  than  in  the  older  individuals.  The  breadth  at  the  hinge 
is  conspicuously  less  than  farther  forward. 

The  dorsal  valve  has  its  greatest  convexity  at  the  center  and 
is  also  smooth  for  a  considerable  distance  from  the  beak.  It 
shows  no  sign  of  an  area. 

Individuals  of  the  length  of  2  mm.  have  the  area  perpendic- 
ular to  the  plane  of  separation  of  the  valves,  and  the  ventral 
valve  showing  a  slight  convexity  toward  the  front.  The  num- 
ber of  plications  has  increased  from  eighteen  to  twenty-two  or 
twenty-thrce,  and  the  region  of  greatest  convexity  in  the  dorsal 
valve  has  approached  somewhat  the  beak.  The  youngest  in- 
dividual shows  a  marked  conformity  to  the  generalized  type 
of  brachiopod,  as  was  found  by  Beecher  and  Clarke  to  be  the 
case  in  the  species  of  the  Waldron  fauna." 


•  Memoirs  of  the  Sew  York  Stute  Museuni.  v«»l.  i.,  No.  i. 
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NOTES  ON  PETROLEUM   IN  CALIFORNIA. 

Pkop.  B.  W.  Claypolb,  D.Sc..  Pasadena,  Cal. 

The  existence  of  petroleum  in  California  has  been  known 
from  very  early  times.  The  old  Mission  Fathers  in  the  Span- 
ish days  made  use  of  it,  or  rather  of  its  solid  residue  after 
evaporation  (usually  natural),  under  the  name  of  "brea,"  or 
asphaltum,  for  various  purposes,  chiefly  for  roofing^.  Many 
attempts  have  also  been  made  during  the  past  half  centur>' 
to  refine  it  but  from  various  causes  they  have  all  failed  more 
or  less  completely  until  recently. 

Prof.  B.  Silliman's  report  in  1865  ^^s  the  earliest  scientific 
statement  concerning  the  Califomian  oils,  and  during  the  fol- 
lowing fifteen  years  the  attempt  to  establish  a  profitable  in- 
dustry were  several  times  renewed.  One  of  the  causes  of  their 
failure  was  tlie  nature  of  the  materials  which  differed  from 
that  of  the  eastern  oils,  and  presented  problems  not  solved  by 
eastern  experience. 

The  memory  of  men  not  beyond  middle  life  will  easily  sup- 
ply illustrations  of  the  wild  craze  that  swept  over  Pennsyl- 
vania about  1865,  when  the  desire  to  become  suddenly  rich 
was  met  by  the  opportunity  as  the  tw6  have  seldom  met  be- 
fore.   The  mad  excitement  that  almost  carried  the  sober  Kev- 

* 

stone  state  "off  its  legs,"  to  speak  figuratively,  has  perhaps 
not  been  equalled  since  the  day  of  the  "south  sea  bubble"  in 
the  lifetime  of  Robert  Walpole.  The  narratives  of  both  read 
in  the  present  day  more  like  fiction  than  the  literal  facts  of  his- 
tory.    In  reality  the  facts  surpass  fiction. 

But  the  craze  passed  in  California  as  it  passed  in  Pennsyl- 
vania and  petroleum-getting  has  settled  down  into  a  steady 
industry.  Less  steady,  it  is  true,  than  in  Pennsylvania,  because 
the  ground  is  less  investigated  and  consequently  the  element 
of  chance  is  a  larger  factor  in  the  problem  than  in  the  East. 
The  conditions  are  less  understood.  Pennsylvanian  exper- 
ience is  not  necessarily  or  ahvavs  useful  in  California.  The 
high  price  of  fuel  on  the  Pacific  coast  renders  profit  attain- 
able in  places  and  among  circumstances  which  would,  in  the 
Atlantic  state,  entail  only  loss.  Consequently  operators  have 
l)ecn  conijK'Ued  to  a  large  extent  to  exploit  the  new  field  under 
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new  conditions  and  are  now  beginning  to  eliminate  the  element 
of  chance  which  so  heavily  hampered  most  of  the  early  efforts. 

GEOGRAPHY  OF  PETROLEUM  IN  CALIFORNIA. 

Up  to  the  present  time  the  following  so-called  '*oil-fields'' 
have  been  proved  and  to  a  certain  extent  developed.  Most  of 
them  are  in  the  southern  part  of  the  state.  That  others  will  be 
discovered  in  the  future  we  can  scarcely  doubt,  and  that  be- 
fore many  years  have  gone  by  the  present  yield  of  petroleum 
will  be  largely  increased,  is  equally  certain. 

The  Newhall  field  was  among  the  earliest  to  yield  a  profit- 
able return  to  the  investigators.  As  far  back  as  1875  ^  P^^' 
ductive  bore-hole  was  put  down  a  few  miles  to  the  northwest 
of  Newhall  with  the  primitive  appliance  of  a  spring-pole  and 
auger,  irom  which  a  flow  of  oil  was  obtained  at  the  trifling 
depth  of  thirty-five  feet.  This  very  moderate  success  so  near 
the  surface  stimulated  further  effort  and  next  year  a  standard 
outfit  was  obtained  and  another  hole  begun.  This  resulted  in 
a  greater  success  and  as  Col.  Drake's  first  bore  at  Oil  City  set 
Venango  county  on  fire,  so  this  well  in  El  Pico  canon  kindled 
a  blaze  in  California  that  has  not  vet  died  out.  The  well  has 
been  flowing  uninterruptedly  ever  since  and  has  yielded  nearly 
two  million  barrels  without  at  present  showing  any  signs  of 
failure. 

Naturally  such  success  stimulated  further  experiment  and 
a  large  number  of  wells  have  been  drilled  in  Pico  and  Elsmere 
canons  with  varying  individual  success,  but  the  result  on  the 
whole  has  led  to  the  laying  of  a  pipe  line  from  the  wells  to  the 
wharf  at  Ventura  forty-four  miles  distant.  Many  miles  of 
branch  lines  also  run  through  the  district. 

The  latest  field  developed  in  Los  Angeles  county  is  at 
Whittier,  a  few  miles  southeast  of  the  city.  Since  1896  work 
has  been  going  on  there  continuously  and  successfully  and  it 
is  now  one  of  the  most  productive  spots  in  southern  California. 
Figures  cannot  be  easily  obtained  and  are  not  always  exact, 
but  from  more  than  twenty  wells  is  obtained  an  average  yield 
of  above  500  barrels,  at  least,  daily.  This  is  conveyeil  in  a  steel 
pipe  to  Los  Metos  station  a  distance  of  three  miles. 

The  Puente  hills  extend  from  Los  Angeles  southeastward 
for  about  twenty-five  miles.    While  scarcely  equalling  the  rec- 
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ords  just  given,  yet  the  fifty  or  more  wells  drilled  in  this  field 
have  yielded  a  steady  supply  for  more  than  a  dozen  years  and 
are  still  pumped.  Their  total  yield  is  estimated  at  not  less  than 
one  and  a  half  million  barrels  and  one  of  the  wells  is  reported 
to  have  given  during  its  first  year  50,000  barrels.  The  oil  from 
this  field,  or  rather  the  residuum  after  refining,  goes  by  a  pipe- 
line to  the  beet-sugar  factory  at  Chino,  sixteen  miles  away, 
which  has  used  about  100,000  barrels  a  year. 

Not  until  1892  was  any  successful  attempt  made  to  develop 
the  various  oil  indications  in  the  city  of  Los  Angeles.  In  that 
year  a  small  well  was  drilled  to  the  depth  of  a  little  more  than 
200  feet,  and  a  yield  of.  oil  obtained  which  though  slight,  was 
a  stimulus  to  greater  undertakings  during  the  following  years 
until  now  in  1901  there  are  within  the  city  limits  600  or  700 
wells  yielding  nearly  1,200,000  barrels  yearly.  The  total  yield 
from  the  field  since  it  was  opened  is  reported  between  7,000,000 
and  8,000,000  million  barrels  but  the  annual  production  has 
fallen  off  since  1897.  Wells  liave  been  bored  too  close  together 
and  the  sand  which  is  neither  deep  nor  thick,  shows  signs  of 
speedy  exhaustion.  The  derricks  stand  thicker  oa  ttie  grotmd 
at  Los  Angeles  than  at  almost  any  place  in  Pennsylvania. 

Passing  to  the  central  part  of  the  state  we  find  the  oil-field 
of  Fresno  county  with  Coalinga  and  Oil  City  as  its  two  central 
points.  Numerous  attempts  had  been  made  to  find  petroleum 
before  1895  ^^^  only  since  that  year  has  the  region  come  into 
the  list  of  California  oil-fields.  Its  yield  now  cannot  be  less 
than  35,000  to  40,000  barrels  monthly. 

Not  a  few  of  the  Coalinga  wells  are  petroleum-geysers 
which  s|)out  oil  for  a  few  minutes  and  then  rest  until  the  gas 
again  accumulates  and  develops  pressure  enough  to  force  the 
oil  to  a  hight  of  sonic  feet  above  the  ground.  This  oil  is 
piped  to  the  Southern  Pacific  railway. 

South  of  Fresno  in  Kern  count v  and  near  its  chief  town, 
P)akersfield,  lies  another  of  the  California  oil-fields.  It  is  sit- 
uated near  the  southern  end  of  the  great  valley  of  California 
— the  San  Joaquin — and  not  far  north  of  the  point  where  the 
Sierra  Nevada  and  the  Coast  range  come  together  and  throw 
ihf  rampart  of  the  Tehachapi  around  its  southern  end.  In 
tills  ncK>k  in  1897  ^^^'^^  P>akersfield,  a  shallow  trial  well  was 
<\\v^  which  yielded  a  considerable  quantity  of  oil  at  the  small 
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depth  of  sixty  feet  So  striking  a  result  immediately  at- 
tracted attention  and  wdls  nq>idly  multiplied  in  number  and 
increased  in  depth.  The  sand  thickens  to  the  north  and  west 
and  is  so  relkble  that  few  or  no  dry  holes  have  been  sunk  in 
this  field.  The  sand  has  been  tested  for  about  ten  miles  in 
one  direction  and  on  an  average  for  a  mile  and  a  half  in  the 
other. 

An  unusual  circumstance  connected  with  the  Kern  county 
field  is  that  the  strata  are  almost  undisturbed  and  few  indi- 
cations of  oil  are  seen  on  the  surface.  The  greatest  depth  ot 
the  oil'Sand  is  about  1,000  feet  but  the  average  is  much  less. 
The  quantity  contained  in  the  ground  must  be  enormous,  the 
sand  being  more  than  300  feet  thick  and  containing,  by  con- 
servative estimate,  ten  to  fifteen  per  cent  of  oil. 

Ventura  county  was  the  first  paying  oil-field  of  California 
but  until  within  the  last  twenty  years  the  results  were  small. 
Then  began  a  more  thof'ough  exploration  and  some  wells  ex- 
ceeding 2,500  feet  in  depth  were  sunk  in  Adam  canon. 
There  are  at  present  more  than  three  hundred  wells  in  \^en- 
tura  count}-,  most  of  them  productive,  but  on  the  whole  their 
paying  life  is  not  long  for  in  a  year  or  two  their  yield  by 
pumping  falls  below  paying  level.  Some  have  started  with 
300  barrels  daily  and  are  already  practically  dry  after  yield- 
inj^  probably  100.000  to  I50.0(x:)  barrels  during:  their  life- 
time. 

Summerland  in  Santa  Barbara  county  is  remarkable 
among"  oil-fields  everAwherc  because  the  work  is  carried  on 
partly  under  the  sea.  Xot  only  are  wells  drilled  close  to  the 
water  hut  many  are  sunk  from  wharves  run  out  into  the 
ocean  for  the  purpose.  Of  these  very  few  disappoint  reason- 
ahle  exjx^ctations.  Some  of  these  marine  hores  have  reached 
a  depth  of  800  feet  j.>enet rating  two  oil-samis  and  oil  has  some- 
tinie<  leaked  into  holes  dug  on  the  K-ach  to  the  de])th  of  only 
six  or  eight  feet.  Xo  one  of  them  gives  a  great  yield  of  uil. 
a  few  barrels  a  day  being  the  average,  hut  almost  all  arc  in 
a  paying  condition. 

The  view  from  the  beach  at  Summerland  is  uniduo  resem- 
blincr  no  other  in  the  world.  Slender  wiiiarvo  «»{  sc<.niinj7h 
trail  construction  run  out  from  the  K-acli  and  are  or^^ssed  ]>> 
<"»thcrs  like  themselves  so  that  the  ha\  i>  a  maze  iif  timlnT  w •">!••; 
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on  which  stand  at  short  intervals  the  derricks  of  the  oil-men. 
So  close  are  they  that  it  seems  almost  impossible  for  all  to  ob- 
tain oil,  yet  failures  are  rare. 

Orange  county  to  the  south  of  Los  Angeles  can  scarcely  be 
said  to  have  begun  operations  until  1896,  but  during  the  in- 
terval its  experiments  have  been  attended  with  very  promis- 
ing results  and  already  a  number  of  companies  are  busy  in 
developing  its  resources.  A  pipe-line  to  the  sea  at  San  PcdiD 
contributes  in  no  slight  degree  to  the  success  of  the  operatioo 
in  this  field. 

Without  going  into  too  much  detail  for  which  this  is  not 
the  place,  the  above  named  districts  summarize  the  results 
of  the  exploration  for  petroleum  in  southern  and  central  Cal- 
ifornia. That  other  fields  will  be  found  is  almost  certain.  San 
Diego  is  making  great  efforts  on  the  southern  line  of  the  state 
but  the  results  thus  far  are  small. 

The  prospects  in  California  are  good  and  that  the  State 
has  in  her  oil-fields  a  supply  of  mineral  fuel,  to  her  inval- 
uable, is  already  obvious.  T\\e  high  prices  of  coal  and  wood 
have  been  a  barrier,  almost  insuperable,  in  the  way  of  her  ad- 
vance in  manufactures,  but  with  the  removal  of  this  she  will 
be  in  a  position  to  take  a  new  start  in  the  industrial  race. 

Already  the  railways  are  adopting  the  new  fuel.  With  the 
aid  of  some  of  the  many  devices  for  burning  it,  which  scarcely 
come  within  our  province  here,  it  is  found  more  economical, 
clean  and  efficient  at  $1.25  or  $1.50  a  barrel  than  coal  at  $6.jo 
to  $7.00  per  ton.  By  experiment  engineers  have  found  that 
two  or  three  barrels  of  crude  oil  will  do  the  work  of  a  ton  of 
good  coal  without  making  smoke  or  ashes. 

Other  important  advantages  accniing  from  the  use  of  oil 
will  at  once  present  themselves  before  the  mind  of  an  en- 
gineer in  California,  where  conditions  are  very  different  from 
those  of  the  eastern  states. 

The  present  consumption  of  crude  oil  for  purposes  of  heal- 
ing and  steam  raising  is  immense,  but  to  state  it  in  figures  is 
impossible.  It  can,  however,  scarcely  be  put  at  less  than  a 
quarter  of  a  million  barrels  yearly  and  this  would  be  a  moder- 
ate estimate. 

As  a  general  rule  the  California  petroleum  differs  from  that 
of  Pennsylvania  and  Ohio  etc.,  by  having  as  its  base  or  more 
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zoic  formations.     The  following  table  will  illustrate  this  de- 
tail : 


Stockton, 

Quaternary. 

Puente,  Los  Angeles,  and  Kern  Co. 

Pliocene. 

Ventura,  Los  Angeles,  Kern     Co., 

Newhall. 

Miocene. 

Ventura,  Fresno,  Kern  Co. 

Eocene. 

Colusa  Co.  and  Sacramento  Valley. 

Cretaceous. 

The  gcficral  horizons  only  of  the  oil-bearing  strata  are  here, 
represented.    Minute  details  are  not  yet  attainable^  nor  would 
it  conduce  to  the  clearness  of  the  outline  to  crowd  it  with  de- 
tail. 

The  oil-bearing  strata  are  usually  sandstones  interlam- 
inated  with  shale  as  in  the  East,  and  both  often  show  traces  of 
petroleum,  but  the  accumulations  are  in  the  sandstones.  Signs 
of  disturbance  also  are  visible  in  many  places  sometimes  ac- 
companied with  some  degree  of  metamorphism. 

In  considering  this  subject  we  should  bear  in  mind  the 
fact  that  the  geomorphy  of  California  indicates  intense  oro- 
genic  action  at  a  ver>'  recent  time.  Strata  of  late  Tertiar>' 
date  are  contorted  and  compressed  that  they  stand  vertical  over 
large  areas.  The  final  elevation  of  the  Sierra  Nevada  and 
Coast  range  is  not  apparently  earlier  than  the  Pliocene,  per- 
haps even  later.  The  proportion  of  living  species  among  the 
fossil  forms  abundantly  proves  the  recency  of  the  strata.  The 
energetic  and  extended  volcanic  action  visible  in  so  many 
places  is  evidenced  by  lavas  so  new  that  they  have  apparently 
only  just  cooled  and  are  scarcely  yet  touched  by  erosion. 

The  Anticlinal  Theory.  The  accuracy  of  the  anticlinal 
theory  of  the  accumulation  of  oil  and  gas,  as  developed  by 
Prof.  I.  C.  White,  in  Pennsylvania,  has  received  abundant 
confirmation  from  California.  In  many  of  the  fields  the  line 
of  development  on  the  surface  clearly  coincides  with  the  anti- 
clinal line  underground,  and  even  where  the  strata  are  very 
slightly  disturbed  exact  data  will  probably  reveal  undulations 
of  low  angle  or  irregularities,  such  as  those  that  govern  the 
accumulations  in  many  places  in  the  cast. 

\\'hcrc  the  anticlinal  ridges  can  be  traced  they  are  in  most 
cases  relied  upon  as  safe  guides  for  extending  the  investiga- 
tion. 
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might  be  inferred  from  a  tnap  tlie  strike  of  the  Cali- 
n  anticlines  is  usually  northwest  and  southeast  or  nearly 
lany  of  tlieir  ridge's  though  of  so  recent  formation  have 
;roded  and  consequently  their  oil,  or  at  least  its  more 
e  portion,  has  escaped  leaving  either  no  residue  or  only 
Tea'  or  asphalt  to  indicate  its  former  presence. 
lese  facts  supply  a  rational  base  for  the  belief  that  when 
■ata  are  deeply  covered,  numerous  yet  unknown  oiUfielda 
e  found  that  at  present  lie  below  the  depth  explored  and 
ily  be  detected  by  systematic  geological  study  and  ju-li- 
exploration  with  the  drill.  The  greater  degree  of  erosion 
northern  counties  is  also  the  probable  explanation  of  the 
It  limitation  of  the  oil-fields  to  the  south  of  the  state, 
e  same  time  we  must  recollect  that  imles  more  than 
or  1,500  feet  in  depth  are  almost  unknowii. 
Uurc  and  use  of  the  oil.  Probability  scarcely  indicates 
alifomian  petroleum  can  compete  with  the  Pcnnsylvanian 
ct  as  a  source  of  illuminating  oil.  It  more  resembles  the 
in  and  the  Ohio  and  Indiana  petroleum  in  this  respect. 
s  already  mentioned  its  great  value  to  the  State  will  be 
el  value.  Where  the  lighter  grades  arc  produced  the 
nating  ingredients  will  doubtless  be  distilled  off  and  the 
le  will  then  be  of  equal  or  greater  value  as  fuel.  This  is 
ly  done.  The  heavy  oil*  will  howevtr  find  tlieir  value 
se  in  taking  the  place  of  coal  and  supplying  heat  in  many 
where  the  cost  of  coat  would  be  an  insuperable  barrier, 
ower  price  of  oil,  its  transportation  by  pipes,  its  supply 
;  furnace  by  gravity,  the  absence  or  slightness  of  the 
:  and  ash,  the  avoidance  of  stoking,  all  these  are  advan- 
which  cannot  be  over  estimated  in  a  comparison  of  the 
luels.  To  say  that  the  exploitation  of  petroleum  has 
California  an  open  door  where  before  it  seemed  hope- 
closed,  is  not  an  exaggeration  of  the  fact  or  too  roseate 
ure  of  the  prospect. 

ke  Future.  It  is  too  soon  of  course  to  prophesy  the 
;  by  predicting  the  duration  of  the  supply.  But  in  spite 
anticipation  of  a  speedy  failure,  the  eastern  yield  has 
;t  run  out.  It  has  continued  beyond  most  calculations  or 
lostications  made  forty  years  ago  and  there  is  even  no^v 
lable  ground   for  expecting  early   exhaustion.     Nor   is 
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there  any  reason  for  hoping  less  in  California.  That  the  sup- 
ply is  finite  is  of  course  undeniable,  but  though  finite  it  is  so 
vast  that  the  present  generation  and  perhaps  one  or  two  more 
that  will  come  after  it  may  be  enriched  by  this  wonderful  fund 
of  latent  power  stored  in  the  distant  Tertiary  era  from  the 
remains  of  Tertiary  life. 

The  California  conditions,  moreover,  render  many  wells 
which  in  the  East  would  be  useless,  because  unprofitable. 
sources  of  profit  to  their  owners.  Wells  yielding  one  barrd 
of  oil  daily  would  scarcely  be  valued  in  Pennsylvania  but  here 
they  are,  to  say  the  least,  quite  above  the  line  of  "no  profit" 
The  initial  cost  is  small  often  not  above  $200  or  $300,  and  the 
pumping  can  be  done  at  a  price  not  exceeding  fifty  cenfc 
daily,  while  the  price  is  seldom  below  and  often  above  one  dol- 
lar at  the  well.  If  the  bore  is  deeper  and  the  cost  therefore 
higher  the  oil  obtained  will  probably  be  lighter  and  consequeni- 
ly  of  greater  value  in  the  market. 

The  duration  of  the  individual  wells  also  is  not  ven- 
different  from  that  expected  in  Pennsylvania.  Some  have  been 
pumped  for  twenty  years  and  still  are  yielding  a  paying 
amount  of  oil.  There  is,  therefore,  no  more  g^und  for  dis- 
trusting the  duration  of  the  Californian  wells  than  there  n-as 
thirty  years  ago  for  distrusting  those  of  Pennsylvania. 

Besides  the  kerosene  produced  from  the  crude  petroleum 
a  large  quantity  of  lubricating  oil  is  obtained  occasionally  in 
a  pure  form,  otherwise  by  distillation.  Then  there  is  the 
asphaltum  base  of  the  oil,  either  left  after  the  lighter  portions 
have  been  distilled  off  or  found  in  beds  in  the  earth — the  pro- 
duce of  natural  distillation.  At  first  an  annoyance  as  a  by- 
product and  a  waste,  tending  to  cause  smoke  on  burning  the 
kerosene,  it  is  now  one  of  the  valuable  products  of  the  re- 
finery. Masses  of  it  are  even  thrown  up  on  the  beach  in  some 
places — the  product  of  petroleum  escaping  from  the  sea-bot- 
tom. Elsewhere,  as  at  Obispe,  near  Terminal  island,  huge 
masses  of  this  mineral  are  quarried  in  the  cliff,  as  rock,  re- 
fined and  sent  abroad  and  to  the  eastern  states  chiefly  for  pav- 
ing purposes.  It  occurs  in  disjointed  and  contorted  strata 
or  seams,  often  many  feet  thick  and  in  quantity  can  be  com- 
pared only  with  the  great  pitch  dci)osits  on  the  south  Amer- 
ican continent  or  the  lake  of  Trinidad.     It  is  sent  largel>  to 
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the  eastern  states  where  it  is  sold  at  a  gcwd  profit  Bong  a 
si^id  it  canot  be  passed  through  pipes  but  a  vccy  togcttioitt 
device  has  been .  recently  adopted  to  traOMDit  it.  The  as- 
phaltuin  is  dissolved  in  naptha  and  in  thil  condition  of  solu- 
tion pa5se<l  through  the  pipe-line  from  the  n)i»es  o£  Santa 
Barbara  county  to  the  coast  ^vhc^e  the  naptiia  is  eva|>ora,ted 
and  sent  back  for  another  load  of  asphaltUDL 

Little  lias  been  said  here  about  the  gM  that  accompanies 
tlie  pctrolenin,  though  its  quantity  and  vallK  are  large,  be- 
cause it  has  rK>t  yet  come  extensively  into  ilse  at  an  iUuminant. 
L'n fortunately-  t)ie  wells  where  the  gas  preMarc  is  greatwt 
are  usually*  far  removed  from  cities  and  sofficient  coi^deoct: 
is  not  >'et  felt  in  its  persistence  to  warrant  the  lajFtn^  of  pipes 
to  carry  this  most  valuable  and  convenient  fud  from  the  place 
of  prodiKtion  to  the  place  of  consumption.  Should  its  flow 
continue  and  increase  there  is  no  doubt  that  the  day  of  its 
Utilization  will  soon  arrive.  As  yet,  however,  Ro  Murniy»- 
ville  or  (~.rapeville  or  New  Washington  has  been  evcflved  in 
California. 

SitKe  the  above  paper  was  written  news  has  oone  from 
Texas  of  a  discovery  of  petroleum  which  may  fakly  be  com- 
pared with  some  of  the  greatest  on  record.  At  Boiumoiit, 
near  the  moutli  of  the  Nachel,  a  tributary  of  the  Sabine  river, 
a  bore-hole  was  drilled  with  the  intention  of  experimenting 
but  apparently  without  any  very  strong  confidence  in  the  re- 
sult. 

Allowing  for  considerable  exaggeration  in  the  early  re- 
ports, we  cannot  doubt  that  a  new  and  important  factor  has 
come  into  the  problem  and  one  which  may  have  great  conse- 
quences. It  must  equal  most  of  the  great  gushers  even  if  it  fall 
far  short  of  the  25,cxx>  barrels  a  day  first  reported.  From  a  six- 
inch  hole  the  oil  is  said  to  jet  to  the  bight  of  200  feet. 

For  four  days  the  flow  continued  and  to  check  it  was  im- 
possible. Before  this  was  at  last  accomplished  it  was  esti- 
mated that  150,000  barrels  had  flowed  out  much  of  which  had 
been  saved  in  hastily  constructed  earthen  tanks.  The  well  has 
been  since  reported  to  yield  8,000  barrels  daily.  It  is  only 
twenty  miles  from  the  coast. 

Later  still  comes  a  similar  report  from  the  older  oil-field 
of  Indiana  which,  though  on  a  rather  smaller  scale  indicates 
that  the  days  of  "oil-strikes"  have  not  yet  altogether  gone  by 
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SOME  SALIENT  FEATURES  IN  THE  GEOLOGY  OF 
ARIZONA  WITH  EVIDENCES  OF  SHALLOW 
SEAS    IN    PALEOZOIC  TIME. 

Bj  William  P.  Blakb,  Tncnon,  Arisooa. 

The  geology  of  the  northern  portion  of  the  territor>'^  of  Ari- 
zona including  the  grand  canon  and  the  plateau  region  has  been 
studied  and  mapped  by  Powell,  Dutton  and  others  of  the  U.  S. 
Geological  Survey.  Blandy  has  published  some  papers  relat- 
ing to  central  Arizona ;  the  writer  has  contributed  some  special 
papers  and  desultory  notes  in  reports  to  the  governors  qf  the 
territor\^  and  elsewhere,  but  in  regard  to  the  country  south  of 
the  great  plateau  region  very  little  systematized  information 
has  yet  appeared  in  print.*  An  explanation  may  be  found  in 
the  fact  that  the  region  is  vast  and  diiRcult  of  access  and  until 
recently  has  largely  been  under  the  domination  of  the  savage 
Apache. 

Capt.  Dutton  in  his  monograph  upon  the  Tertiary  history  of 
the  grand  caiion  district,  frequently  refers  to  an  unknown  "Ari- 
zona Land."  In  this  he  shows  a  mental  reaching  out  for  far 
off  shores  from  which  a  portion,  at  least,  of  the  mighty  mass  of 
sandy  sediment  in  the  basin  of  the  Colorado  could  have  been 
derived. 

Investigations  in  southern  Arizona  sustain  the  idea  of  the 
former  existence  of  such  shores,  not  perhaps  as  continental 
margins  but  as  island  ridges;  crests  of  submerged  mountain 
ranges  rising  at  intervals  above  the  waves  of  shallow  seas, 
and  with  a  trend  or  direction  corresponding  essentially  to  the 
trend  of  the  mountain  ranges  of  the  region. 

A  cross-section  of  the  tcrritorv  in  a  northeast  direction  from 
the  head  of  the  gulf  of  California,  the  sea  of  Cortez,  to  the  line 
of  New  Mexico,  a  distance  of  nearly  350  miles  shows  a  suc- 
cession of  mountain  ranges  separated  by  long  trough-like  val- 
leys often  broad  plains  or  mesas.  There  are  some  fifteen  such 
main  lines  or  axes  of  elevation  with  a  general  northw^est  and 
southeast  trend.    Commencing  first  at  the  gulf  we  have  in  sue- 

*  Since  thin  pa]>er  was  written  a  memoir  han  been  publlataed  by  Da.  Thio. 
B.  CoMBTOCK,  in  the  Tnmsactions  of  the  Am.  Inst.  Mining  ISnginetn^  entitled 
"The  Geolotfy  and  Vein  Phenomena  of  Arizona." 

A  partial  bibliography  of  contributions  to  the  Geolog7  of  Arisona  mav  be 
found  in  Bulletin  So.  127  of  the  V.  S.  (weal.  Stir,  and  alHO  in  the  Report  of  the 
Governor  of  Arizonn  for  lS9ff. 
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cession  the  Gila  range;  Mohawk  and  Castle  Dome;  Growler 
Ajo;  Maricopa,  and  Quijotoa,  Baboquirari;  Tucson,  Santa 
Catalina,  and  Rincons,  (extending  northward  to  ,the 
Bradshaw  group  of  elevations),  the  Santa  Ritas  (east  of  the 
valley  of  the  Santa  Cruz),  the  Huachucas  and  Whetstones; 
the  Dragoons  and  Mule  mountains  (Tombstone),  extending 
north  into  the  Galiuro ;  the  Pinaleno  and  Chiricahua,  the  Pilon- 
cillos  east  of  the  San  Simon  plains ;  ending  with  the  Natanes 
and  Prieto  plateau  and  the  Four  Peak  mountains. 

These  several  mountain  ranges  may  be  considered  as  suc- 
cessive axes  of  uplift,  or  structure,  with  well-defined  occur- 
ences of  Palaeozoic  strata,  generally  resting  upon  a  foundation 
of  granite  and  Archaean  gneiss.  Regular  anticlines  and  syn- 
clines  are  rare.  Monoclines  are  the  rule,  as  for  example  in  the 
Huachucas  and  Santa  Ritas. 

The  presence  in  all  these  ranges  of  massive  strata  of  quartz- 
yte,  and  f requentlv  of  coarse  conglomerates  referable  in  age  to 
the  Paleozoic,  or  earlier,  bears  conclusive  testimony  to  the  ex- 
istence of  shore-lines  and  of  shallow  seas  in  that  early  period  of 
continent  making.  But  there  are  also  deep  sea  lime-stone  of  De- 
vonian and  Lower  Carboniferous  age  and  other  limestones 
probably  Silurian. 

Coal  Measures.  In  the  Chiricahua  mountains*  we  also  find 
evidences  of  Coal  Measures  and  vegetation  of  that  period  in 
the  shales  and  uplifted  beds  of  graphitic  anthracite  several 
feet  thick.  So,  also,  in  the  San  Carlos  region,  and  northwards, 
heavy  strata  of  the  Carboniferous  occur  with  seams  of  coal,  hiit 
so  far  as  yet  determined  of  limited  thickness  and  value.  These 
occurrences  are,  however,  sufficient  to  show  a  far  western  ex- 
tension of  the  vegetation  of  the  Carboniferous  and  consequently 
the  existence  of  dry  or  swamp  land  at  that  time.  The  most 
western  point  in  the  latitude  of  Arizona  at  which  Coal  Meas- 
ures have  before  been  found  was  in  the  Rocky  mountains  near 
Santa  Fe.*  Thickly  bedded  limestones  of  dark  color  and  of 
Carboniferous  age  occur  in  the  mountains  west  of  Tucson. 
The  limestones  in  the  Quijotoa  mountains  at  the  Vekol  lead- 

•  In  1857  I  collected  foflsil  ferns  near  Santa  Fc  which  tlic  late  Mk. 
Lbsqubrbux  identified  as  upecifically  the  same  as  several  species  found  in  the 
Pennfljlvania  coal  measnres.  Prof.  Dana,  in  his  fourth  and  last  edition 
Afaufla/ of  Geo/o^.v,  p.  658,  says  "A  Carboniferous  formation  without  coal  is 
the  great  fact  for  the  western  half  of  the  continent,"  a  statement  which  in  iht 
lig^ht  of  the  above  facts  needs  some  modification. 
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silver  mines  contain  an  abundance  of  cyathophylloid  corals 
and  are  referred  to  the  Carboniferous.  The  dark  colored 
limestones  of  the  Mule  mountains,  at  Tombstone,*  and  also 
those  at  the  American  mine  in  the  Swisshelms  are  similarly 
referred,  and  are  doubtless  a  part  of  the  extensive  series  oi 
limestone  and  shaly  beds  of  the  northern  portion  of  the  Santa 
Ritas;  and  a  portion  of  the  strata  of  the  Whetstone  range 
and  of  the  Dragoons,  and  of  the  Galiuro  mountains  are  of  the 
Carboniferous  age. 

Cambrian,  Most  of  the  outcrops  of  massive  quartzyte 
uplifted  and  in  contact  with  granite  at  several  distant  places 
are  referred  with  some  hesitation  to  the  Cambrian.  Such 
outcrops  are  found  from  western  Sonora  in  nearly  all  the 
chief  uplifts  as  far  east  as  the  Chiricahuas.  In  northern 
Sonora  near  the  boundar\'  line  in  nearly  the  southeastern  con- 
tinuation of  the  Gila  and  Mohawk  uplifts,  a  well  define^! 
ancient  quartzyte  stands  in  vertical  beds  alongside  of  an 
intrusive  granite.  This  quartzyte  is  marked  by  perforations 
like  those  of  the  Potsdam  and  probably  properly  referable 
to  S eolith  us.  Conglomerates  and  quartzytes  occur  in  the 
Buboquirasi  range  and  in  the  Tucson  mountains  where  there 
is  a  great  thickness  of  strata  in  regular  folds,  probably  rep- 
resenting  a  large  part  of  the  Palaeozoic.  Massive  conglom- 
erates with  thoroughly  rounded  pebbles  firmly  cemented  to- 
gether occur  near  the  source  of  the  Caiiada  de  Oro  in  the 
northern  part  of  the  Santa  Catalina  mountains;  also  at  the 
American  Flag  rancho  in  the  same  mountain  range.  We 
again  find  coarse  conglomerate  opposite  the  mouth  of  the 
Arirapa  near  the  site  of  old  Fort  Grant  where  quartzytes 
also  occur  resting  on  granite.  Thickly  bedded  conglomerates 
occur  over  wide  areas  south  of  Tucson  in  the  region  of 
Ariraca  and  again  in  the  northern  portion  of  the  Chiricahuas. 
It  is  not  at  present  possible  to  correlate  all  these  occurrences 
which  no  doubt  represent  diflFerent  horizons,  but  they  are  all 
believed  to  be  Palaeozoic,  or  older.  They  bear  united  testi- 
mony to  the  former  existence  of  shore-lines  and  rapid  cur- 
rents. 

Beginning  of  Arizona  Land.     'I'he  Santa  Catalina,  Rin- 

*  See  tnj  paper  on  the  Geology  and  Veins  of  Tombstone.  Trmna,  Am,  latt, 
Min.  BngTs.,  X,  334. 
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con,  and  Rillito  group  may  be  regarded  as  the  northwestern 
extension  of  the  great  mass  of  mountains  in  central  Arizona 
generally    known    as    the    Bradshaws.    All  these  mountain 
ranges  consist  largely  of  granitic,  gneissic,  and  schistose  rocks 
of  pre-Cambrian  age  with  a  highly  complex  folded  structure, 
and  exhibiting  a  high  degree  of  meta-morphism.    Taken  to- 
gether, these  mountains  may  be  regarded  as  the  main  axis  of 
ancient  uplift,  and  of  insular  land  areas  in  the  pre-Cambrian 
and  Palaeozoic  periods,  the  beginning  of  the  "Arizona  Land." 
Gneiss.    The  gneiss  of  the  southern  side  of  the  Santa  Cata- 
lina  near  Tucson  is  regarded  as  Archaean.     It  is  remarkable 
for  its  r^^larity  of  stratification  and  its  great  thickness,  prob- 
ably over  10,000  feet    It  occurs  in  great  tabular  masses  made 
up  of  thin  layers  which  when  seen  laterally  give  the  appearance 
of  evenly  stratified  shales  and  sandstones.    The  beds  are,  how- 
ever, essentially  granitic  with  the  feldspar  spread  in  nodules 
which  make  protuberances  on  the  cleavage  surfaces  of  the  rock, 
and  thus  form  a  porphyritic  or  augen-gneiss  rock. 

Sheets  or  veins  of  granite  are  common  in  this  gneiss.  It 
is  remarkable  that  this  rock  has  such  an  even  tabular 
structure  without  plication,  wrinkling  or  folding  and  that  it 
rests  at  a  low  angle  generally  not  exceeding  twenty  degrees 
upon  the  massive  nucleus  of  the  Catalinas  dipping  southward 
and  passing  under  the  modem  detrital  accumulatiorLs,  cxr 
"wash'',  from  the  mountains.  These  beds  rise  nearly  to  the 
summit  of  the  Catalinas  and  then  break  off  precipitously  form- 
ing a  line  of  cliffs  facing  the  central  part  of  the  range.  Some 
obscure  traces  of  an  anticlinal  fold  are  visible  on  the  western 
side. 

Huronian  or  Arisonan.  In  the  same  range,  but  on  the 
northeastern  side,  facing  the  valley  of  the  San  Pedro,  another 
formation  of  thinly  bedded  and  highly  crumpled  mica  schist  in 
sharply  defined  zig-zag  folds  is  referred  to  the  Huronian.  This 
is  the  formation  to  which  I  have  given  the  name  Arizonan.  Sti^l 
further  north  occur  the  heavy  conglomerates,  red  beds,  quartz- 
ytes  and  limestones  in  which  last  corals  referable  to  the  Devon- 
ian occur.  A  section  carefully  measured  in  detail  made  here 
may  be  generalized  as  earthy  limestone  in  thin  layers  with  sand- 
stone and  quartzyte  at  the  base.  The  strata  dip  eastwardly  at 
a  low  angle.    Their  exact  stratigraphic  relation  to  the  under- 
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lying  red  shales  and  sandstones  has  not  been  satisfactorily  de- 
termined. 

Devonian.  Near  Greaterville  in  Prince  county  on  the  cast* 
ern  side  of  the  Santa  Rita  mountains  I  have  found  a  locality 
of  Devonian  fossils  in  limestone,  and  have  collected  Spirifer 
hungerfordi,  Atrypa  recticnlaris  Bellerophon  and  the  coral 
Acervularia  davidsoni,  besides  others  not  yet  determined.* 
These  occur  in  a  massive  bed  of  light  colored  limestone  stand- 
ing nearly  on  edge  contiguous  to  a  thick  stratum  of  limestone 
conglomerate  made  up  of  rounded  pebbles  of  limestone,  un- 
questionably derived  from  some  older  beds. 

In  the  Box  canon  which  cuts  through  this  mountain  from 
east  to  west  there  is  a  remarkably  interesting  section.  Resting 
upon  a  coarse  porphyritic  granite  at  the  western  side  we  find  in 
nearly  vertical  attitude  a  pebbly  conglomerate  overlaid  by 
quartzyte  and  this  in  tuni  by  a  thick  series  of  red  shales  prob- 
ably over  I, GOO  feet  thick.  At  the  eastern  end  a  last  exposure 
ot  this  section,  the  fossiliferous  limestone,  the  equivalent  of 
that  at  Greaterville  and  like  it,  accompanied  by  the  calcareous 
conglomerate,  crops  out  in  such  a  way  as  to  render  its  relation 
to  the  red  shales  obscure.  There  is  seemingly  a  break  and  ¥rant 
of  conformity  as  at  the  Catalina  section  farther  north. 

Faulting.  There  have  been  great  faultings  and  displace- 
ments over  the  entire  area  of  Arizona,  notably  along  the  valley 
of  the  San  Pedro  northwest  and  northeast.f  In  the  Huachuca 
mountains  on  the  western  side  of  this  valley  the  dominant  char- 
acteristic section  is  a  very  heavy  reg^ilarly  stratified  quartzyte 
surmounted  by  limestone  and  resting  upon  porphyritic  granite 
and  presenting  l>old  escarpments  towards  the  east.  In  the  sec- 
tion of  these  mountains  thick  beds  of  red  shales  are  found  like 
those  of  the  Santa  Ritas,  while  higher  in  the  range  there  arc 
massive  strata  of  limestone  conglomerate  apparently  not  con- 
formable with  the  red  shales.  This  conglomerate  appears  to  be 
the  equivalent  of  that  found  in  close  association  with  the  De- 
vonian limestone  of  Greaterville. 

Silurian  and  Cambrian.  We  are  without  evidence  by  fossils 
of  the  existence  of  Silurian  terranes,  but  the  identification  of  a 

*  In  the  identification  of  the  species  mentioned  I  have  had  the  asaistance  of 
Prof.  C.  E.  Beecher  of  the  Peat)ody  Museara,  Yale  University. 

i  Such  faultings  h.ive  l>een  noted  and  dc8cri1>ed  by  Da.  Com  STOCK. 
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Devonian  horizon  permits  us  to  believe  that  we  have  represen- 
tatives of  the  Silurian  and  Cambrian  in  the  underlying  strata. 
The  relation  of  the  Devonian  limestones  to  the  sub-jacent  beds 
is  under  investigation.  It  is  believed  that  representatives  of 
the  Silurian  and  Cambrian  systems  will  be  found  and  that  in 
the  basal  quartzytes  and  conglomerates  we  have  Cambrian  beds. 
Extensive  outcrops  of  fine-grained  mica  and  clay  slates  are 
found  in  the  Dragoon  uplift  north  of  Russellville,  and  beyond 
northward. 

A  region  in  the  eastern  part  of  the  territory  covered  by  the 
White  mountain  Indian  reservation  is  as  yet  but  little  known. 
Crystalline  Rocks,    The   underlying   foundation    rock    in 
southern  Arizona  is  a  coarse-grained  porphyritic  granite  which 
much  resembles  the  typical  granite  of  Belihen  in  the  Vosges.* 
This  granite  is  found  in  the  Santa  Ritas,  in  the  Huachucas  at 
Guma,  and  at  and  beyond  Oracle  at  the  north  end  of  the  Santa 
Catalina  uplift.    Here  it  extends  northward  to  Mammoth  and 
beyond  towards  Riverside,  the  Superstition  mountains  and  Salt 
river  east  of  Florence.    It  underlies  the  tufas  and  lavas  at  Gila 
buttes  at  the  head  of  the  Florence  canal.    It  presents  generally 
a  broad  apparently  eroded  surface  and  here  and  there  includes 
belts  and  portions  of  fragmentary  rocks,  quartzytes,  and  lime- 
stones, as  for  example  in  the  Gold  Field  region  east  of  Mesa 
and  on  the  road  from  Tucson  to  Oracle.    Large  areas  of  gran- 
ite exist  in  the  Bradshaw  mountains,  notably  at  and  around 
Prescott.     These  are  granite  which  weather  into  fine  large 
bowlders  of  decomposition  at  Peeple's  Valley,  Yarapai  county ; 
at  ix>ints  north  of  Phoenix,  at  Tombstone  and  other  localities 
notably  north  of  Dragoon  Summit  near  the  Wolfram  veins. 
Plutonic  intrusions  in  the  form  of  dykes  abound  both  in  the 
crystalline  and   fragmentary   formations.     Distinct  local  met- 
amorphism  is  common  where  dikes  of  porphyry  cut  through 
limestone  with  the  production  of  bordering  masses  of  garnet 
rock  often  penetrated  by  copper  sulphide. 

A  large  extinct  volcano,  Pinacate,  rises  just  below  the  south- 
ern border  near  the  head  of  the  gulf  of  California,  but  it  is  not 
comparable  in  magnitude  and  grandeur  with  San  Francisco 
mountain  near  Flagstaff  and  the  neighboring  cones  dominating 
the  plateau  south  of  the  grand  canon.  Lava  streams  of  compar- 

•  Vide  the  series  of  typical  rocks  from  Krantz  of  Bonn, 
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The  northern  of  these  two  routes  was  the  one 
Lieut.  Musters  more  than  thirty  years  ago;  while  the 
was  chosen  by  Darwin,  Moreno,  and  others.  Few  t 
diverged  far  from  either  of  these  natural  highways, 
much  of  the  interior  of  Patagonia  remained  a  terra 
until  quite  recently.  Within  the  last  five  years,  however^i 
knowledge  of  the  interior  of  this  country  has  been  very 
increased.  This  has  been  accomplished  chiefly  by  the 
tions  o^  the  Argentine  and  Chilian  boundary  commissions, 
plemented,  perhaps,  by  the  expeditions  conducted  by  the 
ent  writer  in  southern  Patagonia  in  behalf  of  Princeton 
versity.  To  these  explorations  must  be  accredited  the  discorf] 
ery  of  many  new  lakes,  rivers,  mountains,  and  other 
features,  as  will  at  once  become  apparent  by  a  comparisos 
the  sketch  map  accompanying  this  paper  with  any  of  the  older 
maps  of  the  same  region.  This  is  especially  true  of  that  region 
lying  between  the  Rio  Santa  Cruz  and  the  forty-sixth  parallel 
of  south  latitude. 

It  is  not  the  purpose  of  the  present  paper  to  chronicle  any 
of  these  discoveries,  but  rather  to  discuss  the  origin  of  some  of 
the  geographic  features,  and  more  especially  of  the  lakes  which, 
as  will  be  seen  by  a  glance  at  the  accompanying  map,  consti- 
tute an  important  part  of  the  physiography  of  this  region. 

The  lakes  of  southern  Patagonia  may  be  divided  according 
to  their  origin  into  three  classes,  viz.:  residual,  glacial,  and 
tectonic.  Of  by  far  the  greater  importance  are  the  lakes  of 
tectonic  origin.  By  referring  to  the  map,  an  intricate  series 
of  lakes  will  be  seen  to  extend  in  a  line  approximating  that  of 
the  seventy-second  meridian  of  west  longitude  throughout  the 
entire  length  of  the  region  under  discussion.  The  exceedingly 
irregular  outline  of  nearly  all  these  bodies  of  water  distin- 
guishes them  at  once  as  true  mountain  lakes.  Though  tlie  east- 
em  extremities  of  many  of  them  occupy  lateral  valleys  thai 
have  been  cut  through  the  eastern  range  of  the  Andes  and  pro- 
ject well  out  into  the  great  plain  that  extends  from  the  moun- 
tains to  the  Atlantic,  yet  they  one  and  all  penetrate  far  to  th^ 
westward,  extending  quite  through  the  eastern  foot-hills  anfl 
sending  out  numerous  arms  and  ramifications  into  that  laby- 
rinth of  deep  mountain  ^or^es  that  separate  the  eastern  lateral 
range  of  the  southern  Andes  from  the  central  and  main  range 
of  the  same  nicnintain  svsteni. 
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Many  of  these  lakes,  like  Argentine,  Viedma,  San  Martin, 
Pueyrredon,  and  Buenos  Aires,  are  of  large  size,  fifty  to  100 
miles  in  length,  or  even  longer.  None  of  them  have  as  yet  been 
fully  explored  and  accurately  charted.  All  of  them  are,  except 
on  their  eastern  shores,  surrounded  by  lofty,  precipitous  moun- 
tains. The  summits  of  the  latter  are  covered  with  immense 
fields  of  snow  and  ice,  from  which  descend  glaciers  that  occa- 
sionally extend  quite  down  the  mountain  slopes  into  the  waters 
of  the  lakes.  Huge  blocks  of  ice  are  frequently  detached  from 
the  front  of  such  glaciers  and  float  off  into  the  lake  as  icebergs 
of  no  inconsiderable  proportions. 

The  basins  occupied  by  these  lakes  are  largely  of  tectonic 
origin  and  they  are  chiefly  due  to  the  unequal  folding  of  the 
strata  that  took  place  diuing  the  elevation  of  the  southern 
Andes  in  late  Tertiary  times.* 

With  the  exception  of  lakes  Viedma  and  Argentino,  this 
great  series  of  lakes  all  discharge  their  waters  into  the  Pacific, 
notwithstanding  the  fact  that  they  lie  entirely  to  the  eastward 
of  the  main  range  of  the  Andes,  and  that  the  eastern  extrem- 
ities of  most  of  them  project  even  into  the  great  plain  of  east 
em  Patagonia. 

Just  to  the  eastward  of  this  series  of  lakes  of  tectonic  origin 
and  situated  on  the  plains,  entirely  without  the  foot-hills  of  the 
Andes,  there  is  a  second  series  of  lakes  evidently  of  glacial  or- 
igin. For  the  most  part  these  lakes  are  of  small  size  and  of 
minor  importance,  though  some  of  them,  like  Lagoona  Blanca, 
lake  Cardiel  and  lakes  Colhue  and  Musters  (the  two  latter 
are  not  shown  on  the  accompanying  map,  since  they  lie  some- 
what beyond  the  forty-sixth  parallel)  are  of  considerable  di- 
mensions. These  lakes  have  for  the  most  part  originated  from 
the  damming  of  preglacial  drainage  systems  with  glacial  de- 
tritus during  the  recession  of  the  glaciers  that  occupied  these 
valleys  at  the  close  of  the  glacial  period.  Like  the  lakes  just 
mentioned  they  contain  fresh  water.  Although  for  the  most 
part  the)»  have  no  surface  outlet,  the  circulation  permitted  by 
the  confining  glacial  drift  is  usually  sufficient   to  keep  the 

*  For  a  ftirtber  discussion  of  the  orison  of  these  lakes,  nee  "Some  Gco^aphic 
Features  of  Southern  Patagonia,  with  a  Discussion  of  their  Orif^in/'  b.v  J.  B. 
Hatchbh:  NMt.  O^ogr.  Mag.,  vol.  xi,  pp.  4.1-55. 
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waters  sweet,  but  a  few  of  them  do  in  very  dry  seasons  become 
somewhat  brackish. 

Scattered  all  over  the  Patagonian  plains  from  the  strait  of 
Magellan  to  Bahia  Blanca  are  great  numbers  of  salt  lakes.  Such 
lakes  are  usually  of  quite  limited  area  and  of  exceedingly  shal- 
low depth,  though  they  occasionally  attain  to  considerable  di- 
mensions.   In  reference  to  their  origin  I  have  called  these  salt 
lakes  residual  lakes,     I  have  elsewhere  advanced  the  theory 
that  these  lakes  have  resulted  from  confined  bodies  of  water, 
cut  off  from  the  sea,  during  the  process  of  elevation,  which  b^ 
gan  at  the  close  of  the  Tertiary  and  which  resulted  in  the  final 
recovery  of  this  region  from  the  ocean.    I  have  held  that  the 
salt  of  these  lakes  has  been  derived  directly  fnnn  sea  water  and 
has  not  resulted  by  evaporation  from  the  surface  of  an  orig- 
inally fresh  water  lake  with  no  outlet.    No  doubt  some  of  the 
salt  and  other  saline  matter  found  in  these  lakes  has  been  de- 
rived in  this  manner,  but  I  believe  that  for  the  most  part  it  hai 
resulted  directly  from  the  evaporation  of  confined  bodies  of 
sea  water.    From  the  paleontolopc  and  geologic  evidences  ii 
is  apparent  that  for  a  considerable  period  in  late  Tertiary  times 
this  region  was  elevated  above  the  sea  and  subjected  to  erosion. 
During  this  period  of  late  Tertiary  elevation  all  the  more  im- 
portant of  the  present  drainage  systems  were  outlined.    Near 
the  close  of  the  Tertiary  there  was  a  subsidence  just  sufficient 
to  permit  the  ingress  of  the  sea.     This  submerged  condition 
prevailed  only  for  a  relatively  very  short  period,  but  sufficient 
for  the  deposition  over  the  previously  eroded  surface  of  a  thin 
layer  of  sedimentary  rocks  with  characteristically  marine  fos- 
sils. At  the  close  of  the  Tertiary  a  period  of  very  gradual  ele- 
vation set  in,  resulting  in  the  final  rescue  of  what  is  now  south- 
ern Patagonia  from  the  sea.     As  this  land-mass   gradually 
emerged,  the  higher  table  lands  separating    the     previously 
eroded  water  courses  would  be  the  first  to  appear  as  islands 
and  peninsulas  separated  by  narrow  channels  and  bays  formed 
by  the  valleys  of  the  drainage  systems  mentioned  above.    As 
the  elevation  continued  the  bottoms  of  such  valleys  would  be 
successively  brought  above  the  water  level  and  ntunerous  small 
bays  would  be  formed  in  all  the  smaller  tributaries.     Across 
the  mouths  of  such  bays  bars  would  be  thrown  by  the  action  of 
the  tides.    The  formation  of  such  bars,  together  with  the  grad- 
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ual  elevation  constantly  taking  place,  would  tend  to  decrease 
the  circulation  between  the  waters  of  the  bay  and  the  ocean. 
By  the  combined  action  of  these  two  agencies,  the  circulation 
would  be  more  and  more  impeded  until  a  stage  would  be 
reached  in  which  this  circulation  would  become  intermittent. 
The  two  bodies  of  water  would  then  be  entirely  separated, 
except  during  periods  of  unusually  high  tides,  when  the  waters 
of  the  sea  would  rise  sufficiently  to  overflow  into  the  bay,  or 
lake  as  it  might  now  be  more  properly  termed.  At  first  the  ob- 
struction would  not  be  so  great  but  that  the  bi-weekly  high 
tides  occurring  with  each  full  and  new  moon  would  produce 
a  flow  of  water  from  the  sea  into  the  lake,  thereby  replenishing 
every  two  weeks  the  water  lost  by  surface  evaporation  with  a 
new  supply  of  sea-water.  After  a  time  the  obstruction  would 
become  so  great  that  only  the  exceptionally  high  sertii-annual 
tides  would  suffice  for  its  submergence,  and  the  replenishinpf 
of  the  waters  of  the  lake  would  then  occur  only  once  every  six 
months.  After  this  a  stage  would  be  reached  when  ordinary 
spring  tides  would  ,no  longer  suffice,  and  only  an  exceptionally 
high  tide  brought  on  by  a  continued  strong  easterly  wind,  act- 
ing in  conjunction  with  the  sun  and  moon  at  the  period  of 
spring  tide,  would  pile  up  the  waters  of  the  sea  sufficiently  high 
to  overflow  the  isthmus  separating  it  from  the  lake.  Such  con- 
ditions would,  of  course,  occur  only  at  irregular  intervals  and 
would  constantly  become  less  and  less  frequent,  until  finally  all 
communication  would  cease  and  the  smaller  body  of  water 
would  become  entirely  separated  as  an  inland  salt  lake,  grad- 
ually diminishing  in  area  after  the  last  overflow,  by  evapora- 
tion from  its  surface  until  a  point  would  be  reached  when  the 
loss  by  evaporation  would  just  balance  the  gain  from  tributary 
streams  and  springs,  which  latter,  in  the  lakes  in  the  region 
now  being  considered  is  exceedingly  slight. 

It  was  during  these  stages  of  intermittent  communication 
that  the  salt  deposits  were  formed.  These  deposits  are  now 
found  often  covering  the  bottoms  and  adjacent  shores  of  the 
lakes  to  a  depth  of  several  feet.  During  periods  when  com- 
munication between  the  lakes  and  the  sea  was  suspended,  the 
volume  of  water  in  the  former  would  be  greatly  reduced  by 
evaporation,  thus  increasing  its  salinity  until  an  oversaturated 
olution  would  be  attained,  resulting  in  the  precipitation  of 
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considerable  quantities  of  salt.  With  the  liext  ingress  of  the 
sea  a  fresh  supply  of  salt  would  be  introduced  in  solution,  to 
be  deposited  in  the  same  manner  dtiring  the  next  period  of 
suspended  inter-communication.  Such  conditions,  continued 
over  a  long  period,  have  resulted  in  the  deposition  of  the  con- 
siderable bodies  of  salt  now  found  in  and  about  these  lakes. 

In  the  manner  just  described  series  of  salt  lakes  were 
formed  and  may  still  be  seen  occupying  slight  depressions  over 
the  bottoms  of  all  the  abandoned  water  courses  of  Patagonia; 
while  every  stage  in  the  process  of  the  formation  of  such  lakes 
may  be  observed  in  and  about  the  heads  of  the  different  inlets 
all  along  the  coast.  Exceptional  advantages  for  studying  the 
origin  of  these  salt  lakes  are  offered  at  the  head  of  the  bay  of 
San  Julian  and  in  the  valley  extending  from  the  bay  into  the 
interior  for  a  distance  of  loo  miles.  In  the  bottom  of  this  val- 
ley are  numerous  salt  lakes,  while  in  the  region  about  the  head 
of  the  bay  there  is  a  succession  of  lakes  and  inlets,  showing 
every  stage  in  the  process  of  lake  formation  as  detailed  in  the 
foregoing  lines. 

Dr.  Otto  Nordenskjold  has  taken  exception  to  this  theon 
of  the  origin  of  these  salt  lakes,  holding  that  they  are  not  resi- 
dual lakes,  and  that  the  salt  has  not  been  derived  directlv  from 
the  sea  as  I  have  maintained.  He  holds  that  the  salinity  oi 
these  lakes  is  due  to  the  fact  that  they  have  no  outlets  and  thai 
the  salt  has  been  derived,  as  in  many  other  salt  lakes  in  other 
countries,  from  the  surrounding  rocks  by  the  tributary  waters. 
To  my  mind  there  are  two  very  conclusive  arguments  against 
this  theor>'  and  in  favor  of  that  of  considering  these  as  residual 
lakes.  First: — None  of  these  lakes  are  fed  by  perennial 
streams,  their  supply  of  water  being  almost  entirely  limited  to 
freshets  due  to  occasional  heavy  showers,  and  to  melting  snow 
in  the  immediate  vicinity,  so  that  it  is  entirely  made  up  of  sur- 
face water  and  necessarily  contains  very  little,  if  anv,  saline 
material.  Second: — Those  lakes  found  nearest  the  coast  and 
whose  connection  with  the  sea  has  only  just  recently  been 
completely  closed,  are  found  to  contain  quite  as  important  salt 
deposits  as  others  situated  many  miles  inland  where  the  connec- 
tion with  the  sea  has  long  been  severed :  thus  showing  that  the 
amount  of  salt  in  the  latter  has  not  been  appreciably  increaseil 
during  the  long  period  that  has  elapsed  since  their  final  sever- 
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ance.  These  facts,  together  with  the  observations  made  illus- 
trating the  method  of  formation  of  these  lakes  about  the  heads 
of  many  of  the  inlets  of  Patagonia,  lead  me  unhesitatingly  to 
pronounce  them  residual  in  origin,  and  as  having  derived  the 
beds  of  salt  found  in  and  about  them  almost  entirely  from  the 
sea  direct. 

Of  the  three  systems  of  lakes  described  above,  the  first,  or 
those  of  tectonic  origin,  are  in  point  of  size  of  vastly  more  im- 
portance than  either  of  the  other  two.  When  Patagonia  is 
finally  opened  up  to  civilization  and  its  many  natural  resources 
are  fully  recognized  and  taken  advantage  of,  this  superb  series 
of  magnificent  mountain  lakes  will  come  to  be  more  generally 
realized  and  appreciated.  They  will  then,  no  doubt,  achieve  an 
importance  and  consideration  commensurate  with  their  excep- 
tional size  and  beauty.  Hitherto,  owing  to  their  inaccessibil- 
ity, few  indeed  are  those  who  have  been  enabled  to  see  them ; 
but,  buried  deep  in  the  recesses  of  one  of  the  most  lofty  and 
rugged  mountain  systems  to  be  found  anywhere  on  the  sur- 
face of  our  earth,  by  those  favored  few  they  will  ever  be  re- 
membered as  masterpieces  of  creative  ingenuity.  Extending 
from  the  barren  lava  beds  and  bleak,  cheerless  plains  of  the 
east  through  the  forest-clad  slopes  of  the  foot-hills  on  into  the 
remote  and  silent  recesses  of  the  central  range  of  the  Andes, 
whose  summits,  rising  ever  higher,  are  finally  lost  in  immense 
fields  of  snow  and  ice,  they  present  along  their  shores  a  greater 
variety  of  physiographic  and  geologic  features  than  may  be 
observed  elsewhere  in  an  equally  limited  area. 

Of  the  three  systems  of  lakes  described  above  those  of 
glacial  origin  are,  perhaps,  economically  of  tlic  least  import- 
ance of  all.  Yet,  lying  among  the  drumlins  and  terminai 
moraines  of  the  ancient  glaciers,  where  arc  now  to  be  found 
the  best  pasture  lands  of  the  Patagonian  plains  region,  tlie} 
will  become  of  ever  increasing  importance  as  these  lands  are 
more  and  more  occupied  for  pastoral  ])urposes. 

The  salt  from  the  residual  lakes  will  always  >u])ply  the  lo- 
cal demand  for  that  useful  article  and  permit  aKo  of  the  annui»] 
exportation  of  considerable  quantities. 
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EDITORIAL  COMMENT. 
CROLL'S  THEORY   REDIVIVUS. 

Glacialists  will  read  with  much  interest  the  discussion  of 
the  climate  of  Mars  by  Mr.  Percival  Lowell,  published  in  the 
Proceedings  of  the  American  Philosophical  Society,*  Phila- 
delphia. 

Twenty-five  years  ago,  when  Croll's  theory  was  tested  by 
an  appeal  to  the  testimony  of  Mars  on  the  bearing  of  eccentri- 
city on  glaciation,  it  was  because  Mars  presented  appearances 
suggesting  polar  ice-caps,  and  because  he  is  in  eccentricity  and 
tilt  favorable  to  the  application  of  Croll's  theor}-.  It  was  im- 
mediately discovered  that  Mars,  on  the  assumption  that  other 
conditions  were  similar  to  those  of  the  earth,  afforded  no  sup- 
port to  that  hypothesis.  One  pole  showed  as  large  a  cap  as  the 
other.  Eccentricity  therefore  did  not  seem  to  affect  precipi- 
tation about  the  pole. 

But  since  then  the  examination  of  the  physical  conditions 
of  Mars  has  proceeded.  It  has  been  discovered  that  the  as- 
sumption of  similarity  with  the  earth  was  a  mistake,  and  that 
Mars  presents  the  opposite  of  similarity  with  the  earth,  "and 
with  the  flight  of  the  similar  the  cogency  of  the  argument  de- 
parts." In  the  light  of  this  change  Mr.  Lowell  re-opens  the 
case  and  proceeds  to  discuss  anew  the  bearing  of  the  planet 
Mars  on  the  hypothesis  of  Croll. 

Accepting  the  suggestion  of  Sir  William  Herschel,  that  the 
white  spots  that  appear  on  Mars  about  his  poles,  are  due  to  ac- 
cumulations of  ice  and  snow,  and  noting  that  they  increase  al- 
ternatingly  and  diminish  again  "in  a  certain  chronometric  ca- 
dence," he  confronts  at  once  the  theory  that  those  spots  are  due 
rather  to  congealed  carbonic  acid,  for  carbonic  acid  in  extreme 
cold  not  only  assmues  a  solid  form,  but  that  form  is  as  white 
and  delicate  as  snow.  He  calls  attention  to  the  reluctance  of 
carbonicacid  to  remain  in  a  liquid  form.  It  passes  almost  im- 
mediately from  a  solid  to  a  gas.  There  are,  however,  certain 
features  that  appear  about  the  margins  of  those  white  caps 
that  show  rather  plainly  that  they  disintegrate  as  they  shrink, 
giving  rise  to  belts  and  bays  of  different  color.  These  mar- 
ginal features  behave  precisely  as  if  they  were  affected  by  the 
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variations  of  the  seasons,  and  are  hence  due  to  changes  of 
temperature,  and  are  to  be  attributed  to  the  same  cause  or 
causes  that  produce  the  increase  and  diminution  of  the  white 
spots.  Water  is  the  only  known  substance  that  will  remain  in 
the  form  of  liquid  sufficiently  long  and  in  sufficient  quantities 
to  answer  all  the  conditions.  Certainly  it  will  not  be  allowed 
to  assume  an  ocean  nor  rivers  of  liquid  carbonic  acid. 

The  state  of  things  seems  to  be  this:  so  soon  as  either  cap  begins 
to  shrink,  there  proceeds  to  surround  it  a  blue  belt.  The  belt  increases 
with  the  increased  rate  of  diminution  of  the  cap  and  decreases  as  that 
diminution  falls  off.  Meanwhile  it  keeps  pace  with  the  cap,  shrinking 
with  it  so  as  to  always  border  its  outer  edge. 

It  is  difficult  to  conceive  how  anything  could  more  conclusively  pro- 
claim itself  the  liquid  product  of  the  disintegration  of  the  cap.  This 
badge  of  blue  ribbon  seems  to  mark  the  substance  as  H3O. 

To  this  conclusion,  however,  there  are  two  drawbacks. 
One  consists  in  the  less  heat  received  by  Mars  from  the  sun, 
which,  as  compared  with  the  earth,  distance  for  distance,  would 
be  only  a  moiety,  and  would  interfere  with  any  assumption  of 
H,0  in  liquid  state  on  Mars  in  such  large  quantity.  The  other 
is  a  thinner  air  at  the  surface  than  we  know,  and  therefore  the 
absence  of  a  blanketing  atmosphere  to  keep  out  the  cold  of 
space.  But  these  objections  are  not  fatal  to  the  assumption 
that  the  liquid  substance  that  follows  the  margin  of  the  white 
cap  consists  of  water. 

In  the  first  place  the  greater  amount  of  clouds  and  vapor 
of  water  in  the  earth's  atmosphere  causes  the  earth  to  reject 
a  far  greater  proportion  of  the  sun's  heat.  Much  of  the  sun's 
heat  intercepted  by  the  earth  does  not  reach  its  surface,  quite 
apart  from  what  is  necessarily  reflected.  But  the  Martian  sky 
is  clear  from  clouds,  perpetually.  "All  the  heat  a  pure  sky  per- 
mits to  pass  falls  unhindered  upon  the  soiL  Thus  receptivity 
makes  up  what  distance  denies." 

Secondly,  the  earth's  blanket  consists  not  in  its  atmosphere, 
contrary  to  what  has  been  thought,  but  in  the  watery  vapor  that 
it  contains.  This  has  been  shown  by  Tyndall.  He  stated  that 
on  an  average  day  in  England  the  atmospheric  vapor  of  water 
exerts  a  hundred  times  as  much  reaction  against  the  sun,  and 
hence  against  the  cold  of  space,  as  the  atmosphere  itself.  Mr. 
Lowell  concludes  that  if  one  seventieth  part  of  the  Martian  at- 
mosphere is  watery  vapor,  and  the  atmosphere  one-seventh  of 
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our  own  at  sea  level,  it  may  render  as  eflpective  a  coverii^  as 
our  own.  While  not  affirming  that  this  is  the  case,  he  notes 
simply  "how  little  we  need  go  out  of  our  way  in  possibilities 
to  furnish  Mars  with  a  sufficient  covering." 

After  sufficiently  showing  that  these  phenomena  on  Mars 
are  due  to  ice  and  snow  about  the  poles,  and  to  the  produc- 
tion of  water  as  the  caps  recede,  Mr.  Lowell  notes  some  pe- 
culiarities by  which  they  differ  from  the  snow  caps  of  the  earth. 
In  many  respects  they  are  comparable  and  similar,  but  ours 
have  greater  extension,  reaching,  in  the  northern  hemisphere, 
in  their  maximum,  southward  to  about  the  latitude  of  45',  pro- 
ducing a  snow-spot  about  90*  in  diameter.  It  would  thus  ap- 
pear to  an  outside  observer.  "In  this  we  live  and  move  and 
have  our  being  for  some  four  months,  and  it  is  at  least  a  preg- 
nant thought  that  to  such  an  outsider  the  highest  development 
of  life  upon  our  planet  should  seem  thus  for  nearly  half  the 
year  to  have  its  existence  within  the  polar  cap."  From  this 
maximum  our  snow  cap,  as  viewed  from  Mars,  would  appear 
to  dwindle  till,  about  two  months  after  the  summer  solstice, 
it  would  measure  only  about  40"  across.  The  southern  cap, 
from  incomplete  data,  seems  to  be  larger  than  the  northern, 
both  at  maximum  and  at  minimum. 

On  Mars  the  northern  snow  cap  has  a  maximum  of  70'. 
about  S3  of  its  own  days  after  winter  solstice.  It  recedes  then 
to  a  minimum  of  3*  which  occurs  about  the  same  time  after  the 
summer  solstice,  and  it  retains  the  minimum  size  some  time. 
Comparing  therefore  the  northern  caps  of  the  two  planets,  it  is 
apparent  that  that  of  the  earth  is  greater  than  that  of  Mars  at 
each  extreme.  As  to  the  maximum  this  happens  in  spite  of  the 
fact  that  the  Martian  year  and  therefore  the  Martian  winter  is 
nearly  twice  as  long  as  our  own. 

Again  the  ratio  between  the  maxima  and  minima  on  the 
earth  are  as  five  to  one.  while  on  Mars  they  are  as  130  to  one. 
*To  the  belief  that  Mars  lacks  warmth  this  comparison  is  cal- 
culated to  give  a  shock  of  surprise." 

A  still  more  remarkable  contrast  exists.  This  is  the  differ- 
ence in  behavior  of  the  two  Martian  caps.  The  southern  cap 
is  bigger  than  the  northern  in  winter  and  smaller  in  summer. 
It  surpasses  it  in  accumulation  and  again  in  dissipation.  This 
can  be  affirmed,  although  the  data  of  observation  on  the 
northern  maxima  are  not  satisfactory. 
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As  to  the  cause  of  these  differences  between  the  south 
|x>lar  cap  and  its  counterpart  on  the  north  pole  Mr.  LoweH 
shows  that,  under  the  law  of  the  radius  vector,  to  which  both 
gravitation  and  light,  or  heat,  are  amenable,  eccentricity  can 
have  no  effect ;  nor  axial  tilt,  since  that  brings  the  two  hemis- 
pheres in  turn  under  the  same  though  varying  conditions — as 
variant  for  one  as  for  the  other. 

"Not  the  amount  of  heat  but  the  manner  of  its  reception, 
then,  is  responsible  for  the  differences  we  observe,"  between 
the  maxima  and  minima  of  the  Martian  snow  caps.  The  differ- 
ence between  the  maxima  is  rationally  attributed  to  the  sur- 
passing length  of  the  Antarctic  winter,  which  is  75  of  our  days 
longer  than  the  northern.  The  total  heat  received  from  the  sun 
by  the  two  hemispheres  is  the  same,  but  it  is  Intensified  in  a 
short  season  in  the  northern.  The  contrast  between  the  minima 
of  these  snow  caps  is  not  so  easily  explained.  The  southern 
snow  cap  is  more  reduced  in  its  short  summer  than  the  north- 
em  in  its  longer  summer.  Mr.  Lowell  mentions  two  factors  that 
spring  from  the  planet  itself  whiclf  may  account  for  this  (a) 
The  more  intense  diurnal  heat  of  the  southern  summer  pro- 
vokes greater  volumes  of  water  during  its  prevalence,  and  this 
adds  to  the  readiness  with  which  the  snow  cap  as  a  whole  could 
shrink.  (b)The  cloudiness  at  night  (for  every  day  is  perfectly 
clear)  is  increased  by  greater  daily  dissolution  of  the  cap,  and 
hence  the  proportion  of  watery  vapor  is  increased  in  the  south- 
ern latitudes  of  Mars  during  the  summer  months.  This  in- 
creased blanket  conser\'es  the  heat  of  the  day  before  so  that  the 
following  day,  and  ever>'  following  day,  is  reinforced  by  the 
greater  proportion  of  conserved  heat.  The  two  conspire  to 
waste  the  Antarctic  snows  more  rapidly  than  the  northern.  It 
appears  then  that  on  Mars  eccentricity  has  no  tendency  to  form 
a  northern  ice-cap,  or  about  the  pole  of  that  hemisphere  that 
has  its  summer  solstice  near  perihelion,  but  that  the  permanent 
accumulation  there  is  actually  less  than  at  the  south  pole. 

In  transferring  this  argument  to  the  earth  we  are  confront- 
ed at  once  with  a  differing  total  amount  of  moisture  and  the 
presence  of  oceans.  This  involves  greater  precipitation,  and 
the  fonnation  of  a  larger  amount  of  winter  ice.  Mr.  Lowell 
shows  that  under  increasing  precipitation  the  Antarctic  minima 
increase,  relatively  to  the  Arctic,  faster  than  the  Arctic,  and 
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hence  that  they  finally  reach  and  surpass  the  Arctic  minima.  In 
other  words  with  precipitation  increased  eqtially  over  the  whok 
planet  the  size  of  the  perpetual  ice-cap  over  the  southern  pole 
would  finally  surpass  that  about  the  northern  one.  "Whereas, 
then,  with  moderate  precipitation  the  hemisphere  with  the  ex- 
tremes of  summer  and  winter  climate  would  have  the  less  per- 
petual ice  of  the  two;  with  more  precipitation  the  restilt  would 
be  reversed.  *  *  *  Thus  a  glacial  period  might  be  pro- 
duced with  us  under  the  very  same  conditions  which  would  bar 
it  on  Mars.  It  would  come  about  in  consequence  of  the  ec- 
centricity of  the  orbit,  but  not  chiefly  because  of  that  eccentrici- 
ty. Rather  we  may  say,  because  of  the  amount  of  moisture 
capable  of  being  manufactured.  For  were  the  moisture  to  M 
below  a  definite  amount,  not  only  would  no  glacial  period  re- 
sult, no  matter  what  the  eccentricity,  but  actually  a  sort  of 
anti-glacial  epoch  would  be  brought  about  by  that  very  same 
cause." 

"Our  survey  of  the  Martian  polar  caps,  then,  leads  us  to 
some  curious  conclusions.  It  starts  with  apparent  contradic- 
tion of  Croll's  theory  to  end  in  final  confirmation  of  it.  It 
comes  to  curse  and  stops  to  bless.  But  it  does  more.  It 
shows  that  eccentricity  of  orbit  by  itself  not  only  causes  no  un- 
iversal glaciation,  but  actually  produces,  on  occasion,  the  op- 
posite result  in  more  than  offsetting  by  summer  proximity  what 
winter  distance  brings  about.  Eccentricity  needs  water,  and 
a  great  store  of  it  as  handmaid  before  its  glacial  work  can  be 
accomplished.  Could  our  earth  but  get  rid  of  its  oceans,  we, 
too,  might  have  temperate  regions  stretching  to  the  poles." 

The  vast  blue-green  areas  of  Mars  are  interpreted  as  grassy 
plains  or  forests.  They  prevail  in  the  southern  hemisphere. 
They  wax  and  wane  with  the  season,  slightly  changing  their 
color.  The  dark  bands  that  cross  them  are  perhaps  channels 
filled  with  slow  running  water  derived  from  the  annual  dis- 
solution of  the  southern  snow  caps,  wasting  away  toward  the 
tropics. 

The  eccentricity  of  the  southern  snow  cap,  which  is  marked 
from  maximum  to  minimum,  is  supposed  to  be  due  to  a  de- 
pressed area,  rather  than  to  elevated  lands.  In  this  depression 
the  permanent  ice  accumulates  in  greatest  quantity,  and  sur- 
vives through  the  intense  summer.  n.  h.  w. 
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Contributions  to  the  Tertiary  Fauna  of  Florida.    By  Wiluam  Hea- 

LEY  Dall^  a.  M. 

Part  V.  of  the  Contributions  to  the  Tertiary  Fauna  of  Florida  by 
professor  Dall  is  at  hand  in  Part  V.  vol  III.,  of  the  Transactions  of 
the  Wagner  Free  Institute  of  Science  of  Philadelphia.  The  publi- 
cation bears  date  December,  1900.  The  present  contribution  deals 
with  the  Teleodesmacea :  Solen  to  Diplodonta,  and  is  a  continuation 
of  the  work  on  the  Tertiary  fauna  appearing  in  the  previously  issued 
publications  of  the  Institute.  It  was  found  impossible  to  complete 
the  discussion  of  the  large  family  Veneridae  for  publication  in  its 
appropriate  place  in  the  present  part  of  the  volume,  and  so  it  is  de- 
ferred till  the  publication  of  the  next  part  which  it  is  believed  will 
contain  all  that  remains  to  be  written  to  finish  the  subject.  Some 
work  on  the  Tertiary  shells  of  Florida  was  published  in  volume  I 
of  the  Transactions  of  the  Institute,  but  it  remained  for  professor 
Dall,  in  volume  III.  to  take  up  the  study  of  this  most  prolific  and  in- 
teresting fauna  with  a  thoroughness  that  could  not  previously  have 
been  attempted.  The  fact  that  there  are  nearly  140  new  species  in 
the  present  part  will  give  some  idea  of  the  practical  newness  of 
the  field  which  professor  Dall  has  so  successfully  cultivated,  and  of 
how  little  was  really  known  about  it  when  the  author  began  his 
studies.  Every  such  thorough-going  contribution,  dealing  exhaus- 
tively with  a  single  fauna,  marks  a  real  advance;  it  brings  a  whole 
new  field  within  the  known  province  of  Paleontological  science. 

s.   c. 
Geology  of  the  Boston  Basin;  vol.  1  part  iii.     The  Blue  Hills  Com- 
plex; by  William  O.  Crosby.    (Occ.  papers,  Bos.  Soc.  Nat.  Hist. ; 

pp.  289-964,  pis.  15-39,  No.  4,  1900.) 

This  paper  completes  the  detailed  study  of  the  southern  edge  of 
the  basin,  carried  on  so  long  and  well  by  Prof  Crosby,  from  the 
Atlantic  coast  west  to  the  valley  of  the  Neponset.  The  author  de- 
fines the  complex  as  "the  area  of  granitic  and  associated  Cambrian 
strata  which  includes  the  Blue  Hills  proper,  and  extends  thence  east- 
ward across  Quincy  and  the  northern  parts  of  Braintree  and  Wey- 
mouth."   It  is  a  distinct  geological  unit. 

The  Cambrian  strata  occur  largely  on  the  north  and  south  mar- 
gins of  the  area,  and  consist  of  fine,  poorly  bedded  slates,  which 
are  thought  to  have  been  deposited  in  a  quiet  area  of  some  depth, 
one  shore  of  which  was  perhaps  to  the  northwest.  The  base  of 
these  slates  is  nowhere  exposed.  Prof.  Crosby  believes,  although 
upon  what  data  is  not  made  clear,  that  the  quartzytes  northwest  of 
the  basin  and  the  limestones  of  Shoreham  and  Newbury  are  lower 
Cambrian ;  and  from  that  time  continuous  deposition  occurred, 
through   the  middle   Cambrian  and   a   now   denuded   upper   Cambrian 
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series.    Probably,    also,    sedimentation    was    prolonged    throngfa   the 
Ordovician,  and  the  detritus  has  since  been  removed. 

Not  later  than  early  Devonian  time  the  strata  had  been  sharply 
folded,  and  were  intruded  by  an  igneous  series  almost  entirely  add. 
The  theory  advanced  for  its  origin  is  melting  of  the  base  of  the 
slates,  due  to  the  blanketing  effect  of  prolonged  deposition;  and 
formng  an  acid  magma  above  the  abyssal  basic  one.  No  estimate  of 
the  thickness  of  this  stratified  cloak  is  given;  bnt  to  jirodnce  the 
existing  effect  there  would  be  required  a  depth  of  sediment  for 
greater  than  we  have  any  warrant  for  inferring,  and  especially,  snch 
view  seems  inconsistent  with  the  almost  surface  character  of  the 
igneous  mass,  not  only  near  its  summit  but  far  down  the  sides,  is 
exhibited  in  the  aporhyolytes.  It  is  much  more  probable  that  the 
intrusion  burst  through  the  base  of  the  Cambrian  series 

In  cooling,  the  batholith  became  differentiated  both  in  texture  and 
composition,  being  finer  and  more  basic  toward  the  periphery.  For 
explaining  the  latter,  the  author  uses  Becker's  theory  of  fractional 
crystallization.  The  results  are  two  types  of  granites,  biotitic  and 
hornblendic,  forming  the  main  mass;  and  at  the  mari^ns  three 
phases,  dioryte,  fine  granite,  and  aporhyolyte,  the  last  grading  into 
the  granite.  The  later  stages  of  ^refrigeration  were  apparently  ac- 
companied by  further  dike  intrusion  of  granite,  and  dikes  and  flows 
of  aporhyolyte. 

The  Carboniferous  sediments,  which  make  up  a  large  part  of  the 
present  basin,  are  thought  to  be  really  one  formation,  deposited 
delta-like,  during  slight  oscillations;  and  while  coal  was  being  de- 
posited elsewhere,  the  bottom  here  was  too  deep.  This  last  con- 
clusion is  not  borne  out  by  the  fossils  discovered  recently  by  Messrs. 
Burr  and  Burke;  nor  by  the  large  amount  of  coarse  sediment  present, 
much  of  which  can  be  proved  to  have  traveled  but  a  short  distance. 
Very  likely  the  reason  is  to  be  sought  rather  in  the  almost  open-cotst 
conditions,  by  which  the  sea  action  was  too  rigorous.  The  melapiqrr, 
which  is  so  characteristic  of  the  southern  part  of  the  baisin,  is  ooo- 
sidered  as  a  series  of  contemporaneous  flows,  and  never  intmshre. 
It  may  be  pardoned,  perhaps,  if  some  students  of  the  region  stfll  re- 
gard the  evidence  as  pointing  to  intrusion. 

The  Appalachian  revolution  gave  the  present  structure  to  the 
basin  as  a  whole,  which,  however,  then  extended  far  beyond  its  pres- 
ent limits.  The  larger  faults,  particularly  on  the  margin,  result  each 
from  two  disturbances— one  during  the  deposition  of  the  Carbonifer- 
ous sediments,  the  later  at  the  close,  during  the  general  orogenic  ac- 
tion. The  result,  according  to  Prof.  Crosby's  interpretation,  is  i 
grabcn  of  sediments  between  two  crystalline  walls. 

As  far  as  know,  the  region  has  been  above  sea  level  since  Cir- 
l>oniferous  times,  except  during  a  portion  of  the  Pleistocene. 
Erosion  has  removed  the  strata  on  either  side  of  the  graben,  and 
niiicli  of  the  complex  and  basin.  The  granite  has  proved  less  re- 
sistciU   than   the   aporhyolyte,   and   the   slate   than   either.     The  Bloc 
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Hills  mark  Ihc  level  of  the  Cretaceous  peneplain,  dominant  farther 
inland.  Below  this  is  a  "coastal  peneplain."  which  rises  westward 
and  bevels  off  the  earlier  and  higher  level.  Below  this,  again,  is  the 
basin.  The  discussion  of  the  surface  geology  presents  nothing  tiew, 
in  the  chief  author's  part.  This  is  followed  by  a  paper  entitled  "Lake 
Bouve,  an  extinct  glacial  lake  in  the  southern  part  of  the  Boston 
Basin,"  by  Dr.  A.  W.  Grabau.  An  entirely  separate  chapter  closes 
the  work,  on  the  "  Palaeontology  of  the  Cambrian  terrancs  of  the 
Boston  Basin,"  also  by  Dr.  Grahau.  Both  papers  are  full,  containing 
new  material  as  well  as  a  summary  of  existing  knowledge;  and  they 
should  be  reviewed  separately. 

Altogether,  this  third  part  of  the  Boston  Basin  papers  is  a  not- 
able contribution  on  a  difficult  field ;  and  shows  most  pains-taking 
labor.  It  is  much  to  be  regretted  thai  the  society  has  not  completed  its 
publication  by  issuing  the  geological  map  of  the  area  which,  the 
text  states,  accompanies  the  report.  Also,  the  great  care  shown  in 
gathering  the  field  details  does  not  appear  to  have  been  extended 
to  all  parts  of  the  make-up  of  the  paper.  There  is  neither  table  of 
contents  nor  index,  nor  list  of  illustrations;  nor  is  there  any  ref- 
erence in  the  title  to  the  two  important  contributions  of  Dr.  Grabau. 
More  summaries  acallered  through  the  work  would  prove  a  help,  and 
the  igneous  part  suffers  much  from  almost  an  absence  of  chemical 
analysis.  In  places,  too,  theory  is  presented  before  evidence,  and  the 
two  are  not  always  dissociated  clearly.  The  illustrations  are  excel- 
lent, the  photographs  being  reproduced  by  gelatin*-  process,  and  the 
original  drawings  of  fossils  successfully  treated  in  the  same  way. 

Notes  on  the  Tellurides  from  Colorado.     By  Ch.^RLES  PALflCaE.     (Am. 

/.  Sci.,  i6o,  419-437.) 

The  article  gives  the  results  of. a  careful  and  admirable  crystal- 
lographic  stud/  of  the  mineral  sylvanite  together  with  a  chemical  inves- 
tigation of  the  Mtme.  The  analyses  show  the  composition  to  be  repre- 
sented by  the  formula  Au  Ag  Tc,  thus  confirming  the  conclusions  pre- 
viously reached  by  Pearce  from  analyses  made  by  him  on  massive 
material  from  Cripple  Creek.  The  go  I  dsch  midlife  of  Hobbs  is  shown 
by  Dr.  Palache  to  be  identical  in  crystallization  with  sylvanite.  Owing 
to  this  identity  it  is  thought  that  the  analyses  made  by  Hobbs  may 
have  been  rendered  inaccurate  by  the  extremely  small  quantity  with 
which  he  worked,  and  in  a  note  incorporated  in  the  article.  Prof. 
Hobbs  withdraws  the  name  goldschmidtite  as  representing  a  distin.:t 
species.  The  article  is  concluded  by  a  note  on  the  crystal  habit  of 
hessite  from  Boulder,  Colorado.  c.  h.  w. 

Mokawkile,  SHbio-Domeykite,  Domeykite,  Algonodite  and  some  arti- 

Scial  copper  arsenides.    By  George  A.  Koenig.     (Am.  /.  Sci.,  160, 

439-448.) 

The  copper  arsenides  occurring  in  the  Keweenaw  copper  formation 
ol  Michigan  are  found  only  in  veins  intersecting  the  bedded  deposits 
of  native  copper,  and  have  so  far,  been  observed  only  near  the  foot  of 
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the  formation  toward  the  south-east  The  new  mineral  mohawldte  oc- 
curs in  a  vein  at  the  Mohawk  mine  associated  with  other  copper  arsen- 
ides in  a  gangue  of  quartz  and  calcite.  The  mineral  is  massive,  struct- 
ure granular  to  compact,  color  a  gray  tinged  with  yellow  taking  readil/ 
a  hrassy  to  purplish  tarnish.  It  is  brittle,  hardness  about  5.5  with  a 
specific  gravity  of  8.07.  A  chemical  analysis  gives  its  composition  as 
follows:  Cu=a6i.67,  Ni=7.03,  Co=2.20,  Fe=  tracer  A»=sSBs*  which 
gives  the  mineral  the  formula  (Cu,  Ni,  G))tAs.  The  author  show« 
also  that  nickel  and  cobalt  are  present  in  small  quantities  in  the  mineral 
domeykite  Cu»As,  and,  that  the  specific  gravity  of  the  latter  should  be 
7.94  instead  of  6.7  to  7.5  as  given  by  the  mineralogies.  By  volatilizing 
arsenic  over  red  hot  copper  in  a  combustion  tube  sealed  at  one  end  two 
arsenides  were  obtained,  one  having  the  composition  CusAs  and  re- 
sembling chalcocite,  the  other  consisting  of  groups  of  minute  crystals 
and  identical  with  domeykite  in  composition.  By  the  name  stibio- 
domeykite  the  author  designates  a  mineral  from  the  Mohawk  mine 
closely  resembling  domeykite  but  containing  a  small  percentage  of 
antimony;  and  by  the  name  mohawk-whitneyite  a  very  intimate  mix- 
ture of  the  two  minerals  mohawkite  and  whitneyite.  The  results  of 
several  analyses  of  these  last  mixtures  accompany  the  article.  The  cor- 
rectness of  the  formula  (Cu  Ni  Co)«As,  which  was  assigned  to  mo* 
hawkite  by  Dr.  Ledoux  and  reported  in  the  April  number  of  the  JIm- 
ing  Journal  for  1900,  is  strongly  denied  by  Dr.  Koenig.  He  concludes 
his  paper  with  a  new  analysis  of  algodonite,  confirming  the  formula 
CutAs.  Its  specific  gravity  was  found  to  be  8.583  instead  of  7.62  as 
previously  given.  c  H.  w. 

The  analyses  of  Italian  volcanic  rocks.    By  H.  S.  Washington.    (Am, 

J.  Set.,  159,  44-45) 

Analyses  are  g^ven  of  the  following  types  of  rocks :  ciminyte,  from 
Monte  Cimino,  Viterbo;  mica  trachyte  (selagjrte),  from  Monte  Catini, 
Tuscany;  andesyte,  from  Radtcofani,  Tuscany;  leucityte,  from  Capodi 
Bove,  Alban  Hills.  A  discussion  is  made  of  the  analyses,  the  miner- 
alogical  composition  of  the  rocks  and  their  classifications  in  accord- 
ance therewith.  c  h.  w. 
Occurrence  of  native  lead  with  copper  and  other  minerals  at  Franklin 

Furnace,  N.  J.    By  W.  M.  Foote.    (Am.  J.  Set.  1^6,  187-188.) 

Small  irregular  masses  of  lead  i  to  2  mm.  in  diameter,  associated 
intimately  with  native  copper  and  a  variety  of  minerals — among  them 
axinite,  garnet,  willemite  and  phlogopite — have  been  found  on  a  few 
specimens  taken  from  the  800-foot  level  of  the  Parker  shaft  on  North 
mine  hill.  The  rarity  of  native  lead  and  its  associations  at  Franklin 
make  the  discovery  interesting.  C  H.  w. 

Occurrence  of  sperrylite  in  North  Carolina.    By  W.  E.  Hidden.     (Am. 

J.  Sci.,  is6,  380-381.) 

The  mineral  sperrylite  a  di-arsenide  of  platinum — is  described  from 
Macon  county,  N.  C,  where  it  was  discovered  in  the  sands  of  Cowee 
creek,  associated  with  a  little  gold  and  the  minerals  monazite,  zircon 
and  menaccanite.    The  sperrylite  consisted  of  a  few  very  minute,  nug- 
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set-like  particles  and  crystals,  the  latter  showing  the  combination  of 
the  cube  and  octahedron.  c  h.  w. 

Thomsonite,  fiiesolite  and  chahazite  from  Golden,  Colorado,    By  Hor- 
ace B.  Patton.    Bull,  Geol.  Soc.  Am.,  vol.  17,  pp.  461-474.  pis. 

43-49. 

The  paper  gives  a  detailed  description,  supplemented  by  excellent 
plates,  of  the  occurrence  and  habits  of  the  above  named  zeolites,  found 
in  a  scoraiceous  band  of  the  basalt  flow  which  caps  what  is  known  as 
Table  mountain  near  Golden.  c.  h.  w. 

Beitrdge  zur  Burtheiling   der   Brachiopoden.     Von    Dr.    F.    Huene. 

(Centralblatt  fur  Miaeralogie  &c.,  1901.) 

This  pamphlet  is  a  critical  review  of  the  studies  of  F.  Blochmann 
on  the  Brachiopoda,  and  a  comparison  of  his  results  with  those  of 
Beecher  and  Schuchert 

The  part  of  these  studies  so  far  published  refer  to  Discina,  Dis- 
cinisca  Lingula  and  Crania  and  they  bring  to  light  some  important 
characters  in  the  morphology  of  the  Inarticulata  not  heretofore  rec< 
ognized.  The  reviewer  lays  considerable  stress  upon  an  important  dis- 
tinction between  the  Articulata  and  Inarticulata  in  the  properties  of  the 
pedicle.  In  the  latter  division  the  motions  of  the  pedicle  are  auto- 
matic and  it  has  no  attached  muscles,  in  the  former  the  pericle  itself  is 
immobile,  and  its  motions  are  governed  by  muscles  attached  within 
the  shell.  ^ 

Another  important  point  brought  out  by  Blochmann  is  that  the 
opening  of  the  valves  in  the  Inarticulata  is  effected  by  the  contraction  of 
the  "Cutanei"  or  muscles  of  the  body-wall  which  by  squeezing  the 
viscera  and  cavity  in  which  they  are  contained,  force  the  valves  apart; 
he  claims  that  the  internal  muscles  have  very  little  power  for  this 
purpose. 

Another  important  observation  of  Blochmann  is  that  the  pedicle  is 
a  continuation  backward  of  the  ventral  valve,  and  is  in  organic  con- 
nection with  it;  the  supporting  substance  of  the  pedicle  within  its 
cuticle  being  an  extension  of  the  body-wall  of  the  brachiopod. 

Blochmann  finds  that  the  circulation  of  the  mantle  in  the  sinuses 
&c.  is  of  a  respiratory  nature,  and  shows  how  the  observations  of 
Morse  of  two  inlet  and  one  outlet  current  in  Lingula  are  in  accord- 
ance with  his  observations.  There  is  no  venous  circulation  in  these 
passages,  the  blood  being  contained  in  tubes  of  microscopic  size. 

The  notation  for  the  muscles  in  Blochmann's  work  differs  from 
that  lately  current  in  English  literature.  The  only  laterals  recognized 
are  the  "j"  laterals;  the  other  laterals  with  the  transmedians  are 
"oblique."  As  the  pedide  is  automobile,  no  muscles  are  required  for  it 
within  the  shell,  and  the  connected  threads  are  "nervi." 

The  observations  in  this  review  are  made  more  instructive  by  a 
number  of  figures  in  the  text,  cited  from  Blochmann's  work,  and 
showing  the  various  points  of  structure  discussed  in  this  review. 
Dr.  von  Huene  directs  deserved  attention  to  the  important  work  of 
Beecher  and   Schuchert  on  the  classification   and   morphology  of  the 
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Bradoopoda,  tfaoogfa  he  lajs  a  stroog  rmphiOT  on  die  Satmaioa  be- 
tween the  ''Ecardizxes"  and  '^esticardziies"  (=liiarticiilatsi  and  AnicB- 
lata.)  G.  F.  iL 

KUime  paUontologiscke  MittkeHmmgem,  ^xm  Dk.  F.  HinpiK  ia  TfibiqfBL 
mil  2  Ta£  (Xea  Jarb.  fnr  3CxienIocie  Ac,  xgox,  Bd.  x,  s.  i-&> 
In  this  article  Baron  v.  Hoene  describes  a  new  species  of  Ifedna 
(Medusina  gerjamdes)  from  the  Morcfaisonia  slate  of  WieacntciK  ia 
Wnrtembiirip  of  which  the  preserved  impression  eicffdi  an  indi  Is 
diamrtrr  and  is  qmte  distinct  and  characteristic 

He  also  gives  figures  and  a  descrxpion  of  a  new  Cycad  (Zmmaies 
infraooliticus)  from  the  Blagdini  zone  near  Langenbmck  in  Switzer- 
land.   The  oroginal  of  this  species  is  in  the  mnsemn  of 


Action  of  Ammonium  Chloride  upon  Analdie  amd  Leucite.    By  F.  W. 

Clark  and  Sizicbl    {Am.  /.  ScL^  IS9,  X17-124.) 

The  article  records  the  results  of  an  inwestigation  on  tbe  action  of 
ammoninm  chloride  tqKm  the  minerals  analdte  and  knote  wlien  the 
latter  are  heated  separately  with  dns  reagent  in  sealed  tidies  at  350X; 
also  the  meaning  which  the  results  obtained  have  in  regard  to  die 
chemical  constitution  of  the  two  minerals.  Both  mincnls  suffer  a 
substitution  of  their  alkali  by  ammonium,  yiddini^  die  same  cooipouad 
whose  composition  is  that  of  an  ammonium  lendtet  NHftAISuOk  This 
fact  is  believed  to  indicate  an  original  similarity  in  die  two  minerals 
which  is  also  borne  out  by  crystallogr^faic  and  odier 
A  further  study  of  the  chemical  properties  of  the  ai 
leads  the  authors  to  think  that  analdte  and  leudte  are  not  true  metasili- 
cates  but  either  salts  of 'a  polymeric  metasilidc  add  or  a  mixture  01 
ortho  and  tri-silicates.  a  R.  w. 

Chemical  Study  of  the  Glaucophane  Schists.    By  H.  S.  Washhtgidx. 

(Am.  J.  Set.,  161,  31-59.) 

A  consideration  of  the  chemical  and  mineralogical  composition  of 
the  above  class  of  metamorphic  rock  as  shown  by  a  scrks  of  admirable 
chemical  analyses  of  specimens  from  some  seven  loralities,  leads  to 
condusions  concerning  their  dassification  and  origin  whidt  are  briefly 
and  concisely  given  by  Dr.  Washington  in  his  siunmary  as  fcdlows: 
''The  Glaucophane  schists  belong  to  two  main  groops,  sharply  s^a- 
rated  from  each  other.  The  larger  one  is  basic,  con^osed  d^iAf  of 
glaucophane  and  epidote,  often  with  abtmdant  garnet,  zoisitey  diallage, 
and  sometimes  smaller  amounts  of  mica,  feldspar  and  ({uartz;  and  mtile 
and  titanite  as  frequent  accessories.  Chemically  these  dosely  resemble 
the  composition  of  the  rocks  of  the  gabbro  family,  and  are  apparently 
divisible  into  two  sub-groups,  one  high  in  CaO,  the  other  low  in  it 
These  are  in  most  cases  almost  undoubtedly  derived  from  such 
igneous  rocks  or  their  tuffs,  but  also  possibly  in  rarer  cases  from 
sediments  or  slates  of  similar  composition.  These  basic  glaucophane 
schists  scarcely  differ  in  composition  from  the  amphibolites  and 
eclogptcs,  and  the  difference  in  their  formation  is  probably  to  be 
ascribed  to  differences  in  the  conditions  of  metamorphism.    A  smaller 


but  widdy  spread,  group  is  acid  in  composition,  a 
posed  krgely  of  quartz  and  glauMphanc,  with  i 
albite.  These  arc  derived  from  cheris.  quartziies 
and  sandstones.  The  existence  is  indicated  of  s 
group  of  intermediate  mineralogical  composition,  and  chemically  lilc- 
the  diorites.  The  glaucophane  schists  are  apparently  the  result  of 
both  regional  and  contact  metamorphism,  and  in  many  regions  they  oc- 
cur together.  This  last  seems  to  be  the  rule  in  glaucophane  schist 
areas  of  any  size,  and  where  only  the  one  kind  is  found  the  area  is 
apt  to  be  small."  c.  H.  w. 

The  Mode  of  Occurrence  of  Topaa  Near  Ouro  Preto,  Brazil.    By  Or- 
vn.T.R  A,  DutBV.    (/^m.  Jour.  Sd,  i6i.    25-34.) 
The  article  gives  the  results  of  a  study  of  the  associated  earths 
and  rocks  where  the  topaz  is  found.     The  mineral  itself  i?  found  in  a 
dark-colored  earth,  thought,   from  its  mineralogicai   character  and  its 
I     geological   relations,   to  represent   the   remains  of   an   igneous   dike   in 
which  the  tc^)az  was  an  original  mineral.     What  the  exact  nature  of 
the  igneous  dike  was  cannot  be  told  on  account  of  its   state  of  ex- 
treme alteration.  c.  h.  w. 
Carnolite  and  Associated  Vanadiftroui  Minerals  in  Western  Colorado. 
By  W.  F.  HiLiEBRAND  and  F.  Leslie  Ransome.     (Am.  I.  Sci.,  i6q. 
iao-144) 

The  paper  embodies  the  results  of  investigations  concerning  the  oc- 
currence and  nature  of  the  uranium  and  vanadium  ores  of  western 
I  Colorado.  A  somewhat  detailed  description  of  the  various  ore  de- 
posits is  given  by  Dr.  Ransome  from  a  study  of  the  region  made  by  him 
and  Dr.  A.  C.  Spencer.  He  concludes  that  the  ores  are  recent  im- 
pregnations in  the  sandstones.  The  chemical  researches  made  and  re- 
corded by  Dr.  Hillebrand  furnish,  not  only  valuable  data  concerning 
the  composition  of  the  ores  and  their  constituent  minerals,  but  afford 
the  chemist  excellent  descriptions  of  the  analytical  methods  involved 
in  the  analysis  of  the  uranium  and  vanadium  ores.  The  summary  made 
hy  the  authors  is  as  follows :  "The  body  called  camotite  is  probably  a 
mixture  of  minerals  of  which  analysis  fails  to  reveal  the  exact  nature. 
Instead  of  being  the  pure  uranyl-potassium- vanadate,  it  is  to  a  large 
extent  made  up  of  calcium  and  barium  compounds.  Intimately  mixeil 
with  it  and  entirely  obscured  by  it  is  an  amc^phous  substance— a  sili- 
cate or  mixture  of  silicates — containing  vanadium  in  the  trivalent  state, 
probably  replacing  aluminum.  The  deposits  of  camotite,  though  dis- 
tributed over  a  wide  area  of  country,  are,  for  the  most  part,  if  not 
altc^ether,  very  superficial  in  character  and  of  recent  origin.  The 
green  coloring  and  cementing  material  of  certain  sandstones  near 
Placerville,  Colorado,  is  a  crypto-crystalline  aiumino-vanadio-potassium 
silicate  resembling  roscoelite,  but  with  the  percentage  proportions  of 
AliOi  and  VjOt  reversed.  It  constitutes  over  25  per  cent,  of  the  sand- 
stone at  times,  and  ctmtains  nearly  13  per  cent,  of  ViOi.  the  tatter 
amounting  in  the  maximum  case  observed  to  3.5  per  cent,  of  the  sand- 
stone.   As  yet  these  highly  vanadiferous  sandstones  have  been  found 
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rl>    if  .'irtr. «  t»     ■i-.i»rf    r    ^    ncfcoisti  ':>  w#rfc  'ixcaa  for  'Tanadiziin. 

Z^rrA-trift:    «  :;rvuf.»f:    /1th    hcffl  .3.    niT   n==5  uDomit.     Otfac  amt- 

rr,*^c   .•"j.-i-r;    .j'»>-  ■h«»ir    n^;!::  ^ecn  :o;»ir  :o  liuuiuium.     lii  ^£  imnz- 

T    -Tt*^    'f^.t^f    h«»     oior    »^4    I'zil  srrec  '.las  'jvaft  not  dbxe  3i  afif 

.'-■i  rih.'Ahli^  ortnrjiruor:  o  he  ::iesniitr7  jf  naori  :s 
->..-»r  rition^  jwdt:  n  :i?rru::  null  aicea  :n  Mldngan.  bnr 
-:r>;^  vhirli  t  ^nu^iiV.  indoirrjtedlr  idzmt  if  ^eacnu  spgiBasaoc. 
."V-  T»flir;  -^  riKirr  oart^  'orhnnaie  ^f  ime.  -he  viircs  it  "arfizcit  is  to 
r^  o:!«fbf  n  h^  njiainn  ir  :Txe?eonc  Taiers  «'  lixnestane  or  aiier  al- 
<.T.>i]&  <rr:«»;i  lii^  irt'r  ir  .imestone  iistncs  md.  3iore  rcsimtErr.  dx 
-^r\ifmiiX\r>n  )?  .inu;-->f:ir:iu(  liic^es.  Tlie  nesi  pmbleai  is  Ae  d^o- 
jMon  >f  "hi^  ii^.«iiiv/^  -.arVkTiAte  ii  ^imc  :n  die  Juiiu  ot  wfxxce  dalkj 
Ti;4r'  ^vhl^h  ^^n:l'^t^  iniv  'o  1  mail  -sctest  if  yxeHs  or  ngnaciss  of 
^b#?}K.  \:'(i-r  onmtinii  lut  iie  inadequacr  if  amxnal  life.  ev^pontaoB 
md  'f^;tp«;  'V!  '';tr^nn  lin?cide  }n  r'^ief  it  pressnre,  as  casses  of  die 
pr'*r.ipT»^tinn  ^.t  '*ip  Vii^nnatc  ir  ime.  :tie  audiar  diacosaes  at  Icofdi 
:tic  "^niy  ^iti^rn^iriv'*  iiypnrlieMs.  namely.  :liar  :iie  .^rr^mw  salts  are  pre- 
rlptt^kt^^  thrviq^li  'he  u{pnry  \i  plant  lite.  In  die  marl?  lakes  a^iaatk 
p*»n»<  "ft  ^il  ]<;nfls  Vrr.me  incriKted  -v!th  v^airimn  carbonate,  vbidi  is 
no^  ^  rr  s«^  u*rr-^r.r.n  '<f  rhe  pianis.  :cr  it  is  purely  eztentaL  and  the 
5ani<«  ipi'.-jtv-i  n  -.rhi^r  tijirrcrs  ir*  not  incmsted.  T!ic  deposit  is  fonned 
;n<*i<1<*ni:;ii'.y  Sy  *hi?mxi*^I  pr^ipitanon  -ipon  die  snrcaoe  of  the  plaats* 
pr^*h4h4y  ^niy  ':pcn  'he  ^■•sn  parrs,  and  in  pcrtbrmance  of  normal  and 
'i^«isii  pr'.r'*^st*;  '«:  -::e  piant  x^aninm.  All  gpreen  plants  inhale  carbon 
'liovi'^*^  ^n«^.  •'vhali*  ^:«y^-^n  iml  these  are  rvo  possible  causes  of  die 
-•^i.*;ir*f,-.  1  ;r.rr;ifAv.r.n.  I:  :hrt  -^i-ii-im  <:ar*3i:cate  i*  in  excess  in  die 
vAr^  Ars(\  :;  h^i'^.  .r.  ;oi'^r;cr.  '".y  siarbon  dioxztie.  then  the  absorption 
of  rr.*»  .A^t^.r  hy  -;-.i»  planri  vi^iif*^  prec:pi!3.tioa  of  the  carbonate  upon 
^r.^  j/'^rN  I'^ti^rr. ;  And  l<»v^  .■  ib^tricring  the  gaj.  But  if  the  proportion 
of  'lir.  ;r.',  'i-^rv.riAfft  in  -oiizxt:  :i  io  small  chat  it  would  not  be  de- 
:ifr^.^fi^r\  ^  -r.  .r  *h««^r^  vvftr^.  r-o  carbon  dioxide  present,  the  precipitatioo 
:.  *<Cfi;i.r,'^''l  vy  fh<*  ar.tior.  of  th'i  oxyg*n  set  free  by  the  living  plants 
,r   '/-.r.  '^rvr.^  f'AU.vim  h: carbonate  to  monocarbonate : 

r:aH/r:0,;,-0=H/j^CaCO,--CX),+0. 
F';.t,.rs  .:ir/  scTf^rly  in  th^ir  (K^wer  of  precipitating  the  calcium  car- 
rK.r.^-r ,  .,r,/|  ^i-r  al^a*-,  ;ind  especially  the  Characes  or  stoneworts,  are 
rr.o.!-  *ffjMMjf  Analyj.rs  arc  given  showing  that  plants  may  precipi- 
*  ,*'  ".-.ft*  Til]  rri.itffr  *"/^|ijal  to  -.everal  or  many  times  the  weight  of  their 
'.»/ri  ']?}'■']  h.  ii«' ..  that  thi-.  mineral  matter  consists  of  CaO,,  93.76; 
Mff'  ''..  'f'j;.  SiO^.  'J4(t;  and  iron  and  aluminum  oxides  o^  per  cent 
n  i^  ^ti'./  M  tli,ir  ihf  -.tniettirc  and  distribution  of  the  marl  are  entirely 
.rr  huirrt'.iiv  witji  ilir  view  that  a  spccics  of  CHara  is  an  important 
uti' It*  "I  If  f'lrin.iiinii :  hut  it  is  recognized  that  a  species  of  Zonotrichia 
liri^  il  v.iv  .  iil.iv»«l  ati  important  part,  explaining,  especially,  the  more 
tiili'l  ;iiiil  ii'iilitl.ii   Intnis  of  the  marl.  W.  O.  C 
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The '  Composition  of  Kulaite.    By  Henry    S.    Washington.    (Jour, 
Geol,  8,  610-620.) 

Kulayte  is  the  name  given  by  the  author  several  years  ago  to  a 
subgroup  of  the  basalts  in  which  hornblende  occurs  as  an  essential  con- 
stituent and  surpassing  augite  in  quantity  and  importance.  The  orig- 
inal analysis  by  Rdhrig  showed,  for  basalts,  abnormally  high  soda,  as 
well  as  very  high  alumina  and  low  magnesia.  There  seemed  to  be  no 
mineral  present  which  would  account  for  the  high  alkalis,  and  to  de- 
termine this  and  other  points  two  new  analyses  were  undertaken,  one 
of  normal  kulayte,  and  the  other  of  a  leucite  kulayte.  The  first  showed 
in  comparison  with  RShrig's  analysis,  about  two  per  cent,  more  Fe^O, 
and  as  much  less  K^O ;  and  the  second  differed  rather  widely  except  for 
the  MgO,  CaO  and  Al^O^^.  .  It  is  surprising  to  find  that  all  these  dif- 
ferences are  regarded  as  probably  due  to  the  different  analjrtical 
methods  used.  The  normal  and  leucite  kulaytes  are  found  to  agree 
closely  except  in  the  minor  constituents  TiO,  and  PjO^ ;  and  the  author 
next  considers  the  place  in  the  classification  indicated  by  this  composi- 
tion. The  alkalis  and  alumnia  are  shown  to  be  high  for  a  true  basalt; 
and  for  these  reasons  and  also  becuse  of  the  higher  SiO,  and  the  lower 
iron  oxides,  MgO  and  CaO,  they  cannot  be  referred  to  the  subgroup  of 
hornblende  basalts.  They  are,  in  fact,  pr(H>erly  leucocratic,  while  the 
hornblende  basalts  are  melanocratic;  and  the  closest  analogues  of  the 
Kala  rocks  are  to  be  found  among  the  nepheline-tephrytes  and  the 
nepheline-basanytes,  notwithstanding  that  many  of  these  are  markedly 
lower  in  SiO^,  Al^O,,  and  Na^O.  A  resemblance  to  the  monchiquytes 
is  also  noted,  the  main  difference  being  the  higher  H^O  content  of  the 
latter.  Except  in  the  glassy  varieties,  the  essential  hornblende  has  been 
partially  or  entirely  altered  to  hypersthene,  diopside  and  magnetite, 
The  component  minerals  are  calculated  from  the  analysis,  and 
nepheline,  the  presence  of  which  was  indicated  by  the  gelatinization 
and  fuchsine  tests,  is  fully  confirmed.  Certain  anomalies  of  the  miner- 
al composition,  such  as  a  large  proportion  of  orthoclase  in  the  more 
basic  type,  and  of  leucite  in  the  type  running  highest  in  SiOg  and  low- 
est in  KjO,  are  explained  by  reference  to  difference  in  pressure  and 
rate  of  cooling;  and  the  author  favors  basing  the  classification  of  this 
and  other  rocks  directly  upon  the  chemical  composition.  w.  0.  c. 
A  Topographic  Study  of  the  Islands  of  Southern  California.  By  W. 
S.  Tangier  Smith.  (Bull,  of  the  Department  of  Geology,  Univer- 
sity of  California,  vol.  11,  pp  179-230,  1900.) 

The  islands  described  in  this  bulletin  were  studied  principally  from 
maps,  and  the  conclusions  reached  are  intended  to  be  rather  pre- 
liminary and  suggestive  than  final  in  character.  The  topographic  fea- 
ture of  the  islands  are  outlined  and  a  general  discussion  given  of  the 
characteristics  of  the  various  kinds  of  shore  terraces  and  of  the  con- 
ditions leading  to  their  formation. 

There  follows  an  interesting  account  of  the  oscillations  of  the  Pa- 
cific coast  in  Miocene  and  Pliocene  time.  The  information  in  this  ac- 
count is  not  new.    The  principal  point  which  the  present  paper  aims  to 
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establish  is  that  the  most  recent  general  movements  have  been  the  same 
for  the  islands  as  for  the  coastline  of  southern  California.    I.  h.  a 
A  Remarkable  Marl  Lake,    By  Chables  A.  Davis.    (lour.  GeoL,  8, 

498-503.) 

This  paper  supplements  the  preceding,  describing  the  truly  im- 
pressive deposit  of  marl  in  Littlefield  lake,  Isabella  county,  Michigan, 
and  showing  that  it  is  unquestionably  due  to  the  precipitating  agency 
of  Chara  and  Zonotrichia,  chiefly  through  the  exhalation  of  oxygen. 

w.  o.  c 


CORRESPONDENCE. 


Notes  on  the  Kansas-Oklahoma-Texas  Gypsum  Hills. — ^From 
the  time  of  the  earliest  explorations  of  the  great  plains  the  gypsum 
hills  have  been  objects  of  particular  interest.  Long  and  Marcr. 
among  early  explorers,  and  Hay,  Cummins,  Cragin,  Prosser  and 
Grimsley,  among  later  geologists,  have  written  extensively  concern- 
ing these  very  interesting  formatiohs.  Conspicuous  on  account  of 
topography,  color  and  position,  these  hills  have  ever  excited  an  in- 
terest both  popular  and  scientific 

Geologically  the  gypsum  hills  are  a  part  of  the  "red-beds"  and 
are  located  near  the  center  of  that  series.  The  red-beds  consist  of 
more  than  2,000  feet  of  prevailingly  red  clays,  shales  and  sandstones. 
The  series  extends  from  near  the  great  bend  of  the  Arkansas  river 
in  southern  Kansas  across  Oklahoma  and  far  into  Texas  before  it 
finally  disappears  beneath  the  later  Mesozoic  and  Cenozoic  dq>osits. 
The  age  of  the  rock  has  long  been  a  mooted  question.  In  Texas  it 
has  been  correlated  with  the  Permian.  In  Kansas  and  Oklahoma  it 
was  for  a  number  of  years  classified  as  Triassic,  but  the  later  geolo- 
gists have  inclined  to  the  opinoin  that  the  red-beds  of  this  region  are 
of  the  same  age  as  those  of  Texas,  i.  e,,  Permian.  No  fossils  have 
been  found  in  the  Kansas  beds  and  tmtil  the  past  year  very  few  in 
Oklahoma.  During  the  summer  of  1900,  however,  the  Oklahoma 
Geological  Survey  collected  fossils  from  several  localities  in  the  red- 
beds.  These  fossils — vertebrates  from  the  lower  part  of  the  series,  and 
invertebrates  from  the  upper  part — indicate  that  in  Oklahoma  at  least 
the  red-beds  belong  to  both  the  Permian  and  Triassic 

Throughout  the  entire  thickness  of  the  red-beds  the  rock  is 
strongly  impregnated  with  mineral  salts.  In  the  lower  part  common 
salt  predominates.  In  Oklahoma  there  are  no  fewer  than  four  large 
salt  planes,  and  numerous  smaller  ones.  In  general  the  salt  planes 
are  confined  to  a  definite  horizon.  Even  among  the  saliferous  hori- 
zons gypsum  is  of  frequent  occurrence.  Seams  of  selenite  and  satin 
spar  are  often  abundant. 
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Some  200  feet  above  the  salt  beds  the  gypsum  reaches  its  culmina- 
tion.   At  this  horizon  there  are  thick  ledges  of  massive  white  gypsum 
which  lie   level  and  extend  for  long  distances    across    the    country. 
Ordinarily  there  are  two  of  these  ledges,  each  from  10  to  30  feet  thick 
separated  by  10  to  20  feet  of  red  clay  shale.    Professor  Cragin  has 
given  this  massive  gypsum  the  name  "Cave  Creek  gypsum,"  from  a 
creek  in   Comanche  county,  Kansas.    The  lower  (and  usually  thick- 
er) gypsum  ledge  he  calls  the  Medicine  Lodge  gypsum,  and  the  up- 
per led^e  the  Shimer  gypsum.    The  intervening  clasrs  are  designated 
as  the  Jenkins  days.*    It  frequently  happens,  however,  that  this  clay 
entirely  disappears,  in  which  case  the  single  gypsum  ledge  is  as  much 
as  50   feet  thick.    On  the  other  hand  in  certain  sections  there  are 
three  ledges  of  gypsum,  a  thinner  ledge  coming  in  below  the  Med- 
icine Lodge. 

The  gypsum  hills  are  hills  of  erosion.  The  soft  clays  below  the 
massive  ledges  are  readily  acted  upon  by  water.  The  ledges  them- 
selves are  relatively  much  harder  and  consequently  resist  erosion. 
The  slope  of  the  country  is  to  the  east,  while  the  ledges  lie  com- 
paratively level.  This  causes  the  greater  erosion  to  the  east,  and 
as  the  underlying  clays  are  removed  the  gypsum  ledges  remain  as  a 
cap  forming  the  escarpment  of  the  hills,  which  rise  like  a  wall  from 
the  level  plains  to  the  east  The  slopes  below  this  escarpment  are 
often  as  isuch  as  200  or  300  feet  high,  and  consist  of  blood  red  clays, 
sometimes  grass-covered  but  more  often  barren  of  vegetation.  These 
slopes  are  often  covered  with  selenite  crystals,  which  on  a  dear  day 
reflect  myriads  of  light-points  and  have  given  to  one  part  of  the  hills 
the  characteristic  name  "glass  mountains." 

Throughout  the  region  of  the  gypsum  hills  there  are  numerous 
pronounced  erosion  forms.  Deep  and  narrow  canyons,  flat- topped 
mesas,  pinnades  and  turrets,  mansard  mounds  and  buttes,  and  nat- 
ural bridges  and  caves  may  be  found  in  most  localities.  These  forms 
an  due  not  only  to  the  solubility  of  the  gypsum  ledges  but  also 
to  the  fact  that  the  underlying  days  are  so  easily  eroded.  The 
gypsum  caves  are  of  particular  interest.  They  are  of  all  sizes  from 
mere  cracks  in  the  rock  to  immense  caverns  a  mile  or  more  in 
lengfth  with  sometimes  dozens  of  chambers  leading  off  in  all  direc- 
tions. In  southern  Kansas  and  northern  Oklahoma  many  of  these 
caves  are  known  locally  as  "bat  caves"  from  the  fact  that  they  are 
the  home  of  multitudes  of  bats.  These  animals  remain  inside  during 
the  day  and  in  the  evening  pour  out  of  the  mouth  of  the  cave  in  a 
continuous  stream,  sometimes  for  an  hour  at  a  time. 

The  gypsum  hills  extend  in  a  general  northeast  and  southwest 
direction  for  a  distance  of  nearly  500  miles  from  southern  Kansas 
to  west-central  Texas.  The  northern  limit  so  far  as  I  have  been  able 
to  observe  is  in  northwestern  Barber  county,  Kansas,  on  the  north 
bank  of  the  Medicine  river,  near  Sun  City.  From  this  point  the  hills 
trend   southeast  and  approach   within   six   miles   of   Medicine   Lodge, 
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where  a  bold  outlier  east  of  the  main  line  of  hills  overlooks  the  valley 
of  the  Medicine  river.  The  line  of  hills  crosses  the  Salt  Fork  at  the 
state  line  and  approaches  the  Cimarron  in  the  northeastern  iMUt  of 
Woodward  county,  Oklahoma.  Throughout  nearly  its  entire  oovrse 
in  this  cotmty,  a  distance  of  40  miles  the  Cimarron  flows  in  a  nar- 
row valley  enclosed  between  the  hills.  In  places  the  valley  is  little 
more  than  a  canyon  with  precipitous  walls  100  feet  or  more  in  hii^ 
The  gypsum  hills  trend  southeast  along  the  south  side  of  the  Gm- 
arron  as  far  as  the  Glass  mountains  in  southern  Woods  county,  and 
then  gradually  retreat  from  this  river  and  approach  the  North 
Canadian  near  £1  Reno.  From  this  point  at  which  the  hills  find 
their  most  eastern  limit,  they  trend  southwest  across  the  IQowa  and 
Commanche  reservation  to  the  Red  river.  In  Texas  extensive  gyp- 
sum deposits  occur  at  Quanah,  Hardman  county,  and  in  Stonewall, 
Kent  and  Knox  cotmties  as  far  as  Sweetwater  on  the  Texas  Pactfic 
railroad. 

Throughout  this  area,  from  Kansas  to  Texas,  the  region  of  gyp- 
sum deposits  is  from  10  to  50  miles  wide  and  is  in  all  places  much  cnt 
up  with  canyons  and  streams.  Certain  parts  of  the  range  have  received 
particular  names,  as  for  eaxmple :  Glass  mountains,  Chautauqua  moun- 
tains, Stony  hills,  Cedar  hills  and  Gray  Eagle  and  Wild  Cat  Imttes.  For 
the  entire  range  in  Oklahoma  the  name  "Marcy"  range  has  been  pro- 
posed, but  it  need  scarcely  be  feared  that  any  other  name  will  ever 
take  the  place  of  the  good  old  cowboy  phrase,  "Gyp."  hills. 

In  regard  to  the  economic  importance  of  the  gypsum  it  is  but 
necessary  to  add  that  mills  for  manufacturing  the  product  are  ia 
operation  in  all  three  states  in  which  the  hills  are  found.  Of  these 
perhaps  the  most  important  are  located  at  Springvale'  and  Mcdicfaie 
Lodge,  Kansas,  Okarche,  Oklahoma,  and  Quanah,  Texas.  As  the 
supply  of  material  is  inexhaustible  it  is  but  a  matter  of  time  when 
the  gypsum  from  the  Gypsum  hills  w^ill  become  one  of  the  important 
sources  of  income  from  the  region.  Charles  Newton  Govuk 
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Lake  Superior  Iron  Trade  During  the  Year  1900 
Considering  the  fact  that  the  close  of  the  century  marks  also 
the  end  of  the  first  half-century  of  activity  in  the  iron  min- 
ing region  of  lake  Superior,  the  development  has  been  one  of 
the  most  astonishing  of  this  wonderful  age.  It  is  a  short  half- 
centur}%  too,  for  no  mining  of  importance  could  be  done  until 
there  was  water  connection  between  lake  Superior  and  the  east, 
and  this  did  not  come  until  1855.  In  that  momentous  year  the 
first  ship  canal  at  the  foot  of  lake  Superior  was  cut  and  the 
Jackson  mine  began  small  shipments  of  ore.  For  years  the  in- 
dustry was  small,  it  was  the  day  of  8-ton  railway  cars  or,  still 
more  primitive,  of  mule  railroads,  of  500-ton  ships,  hand  drills, 
black  powder,  open  pit  mining  and  the  like.  It  was  the  day  of 
beginnings  and  of  small  things,  in  a  word.  For  some  years  the 
product  of  the  lake  Superior  mines  was  handled  over  a  mule 
tram  road  to  Marquette.  Up  to  ten  years  later  or  nearly  to 
1870  a  700-ton  ship  was  an  enormous  craft  and  the  loading  of 
this  great  ship  required  two  days  and  its  unloading  more  than 
that.  Many  men  of  today  remember  sales  of  ore  at  Pittsburg 
at  $18,  or  about  the  price  of  steel  billets  now.     Instead  of  the 
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tram  road  there  are  eight  great  railways  engaged  in  the  ore 
business  hauling  cars  loaded  with  50  tons  each  behind  locomo- 
tives of  240,000  pounds  weight.  Instead  of  the  700-ton  ships, 
those  of  the  beginning  of  the  new  century  carry  7,000  or  8/X)0 
tons,  and  instead  of  consuming  four  or  five  days  in  loading  and 
unloading  they  are  loaded  in  two  hours  and  emptied  in  ten.  In- 
stead of  ten  to  twelve  trips  a  year  they  are  making  twenty  to 
twenty-five.  In  connection  with  this,  instead  of  old  time  prices 
ore  is  now  bringing  on  lake  Erie  docks  little  more  than  the  act- 
ual mining  cost  of  early  years,  and  in  the  past  three  years  has 
actually  sold  when  delivered  at  Cleveland  at  less  than  the  min- 
ing expenses  of  as  late  as  1887.  Not  longer  ago  than  1871  a 
drift  was  driven  at  the  Cleveland  mine  at  a  cost  of  $100  per 
foot.  Now  it  could  not  cost  $15.  Nitro-p^lycerine  and  power 
drills  have  been  the  humanizing  and  civilizmg  agencies  in  great 
measure,  and  civilizing  these  have  surely  been,  for  where  would 
be  our  supremacy  today  but  for  the  reduction  in  costs  they 
have  brought  about  ? — D.  E.  Woodbridge  in  Mines  and  Miner- 
als for  February, ' 

Mr.  Frank  Leverett  has  ccwnpleted  and  submitted  for 
publication  by  the  U.  S.  Geol.  Sur.,  his  second  monograirfi: 
"The  Glacial  Formations  and  drainage  features  of  the  Erie  and 
Ohio  basins." 

The  Field  Columbian  Museum  has  arranged  a  course  of 
nine  free  lectures  to  be  given  in  the  Museum  lecture-hall  in 
March  and  April.  These  are  to  be  illustrated  by  stereopticon 
views :  The  geological  lectures  are  by  Dr.  E.  R.  Buckley  and 
Prof.  Wm.  H.  Hobbs. 

Science  Club  of  Northwestern  University.  At  the 
meeting  of  Februar>'  ist  Prof.  U.  S.  Grant  spdce  on  "Some 
methods  of  geological  field  work,"  and  at  the  meeting  of  March 
1st  Prof.  A.  R.  Crook  spoke  on  "Minerals  of  the  Chicago  area." 

Geological  Society  of  Washington.  The  following 
was  the  program  of  the  meeting  held  February  27th:  "Me- 
morial of  Thomas  Benton  Brooks,"  Bailey  Willis;  "Morpho- 
geny of  southern  Alaska,"  G.  K.  Gilbert ;  "Mountain  structure 
in  the  trans-Pecos  province,"  Robert  T.  Hill. 

The  Geological  Sitrvev  of  Georgia  has  just  issued  Bul- 
letin No.  10 — A,  entitled  "A  preliminary^  report  on  a  part  of  the 
iron  ores  of  Georgia,  Polk,  Barton  and  Floyd  counties."  The 
report  is  rtiade  by  Mr.  S.  W.  McCallie,  assistant  geologist. 

Mr.  F.  a.  Lucas,  geologist  of  Washington,  D.  C,  who  has 
been  drilling  for  oil  in  Texas  for  about  two  years,  was  re- 
warded by  the  discovery,  on  Jan.  10.  of  a  great  oil  basin.  The 
flow  of  oil  at  Beaumont  is  said  to  be  greater  than  frcnn  any 
single  well  ever  sunk  in  the  United  States.  It  is  estimated  by 
experts  that  every  twenty-four  hours  it  flowed  20,000  barreb 
of  oil,  and  that  150,000  barrels  escaped  from  it  before  the  flow 
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could  be  regulated.    It  is  not  an  illuminating  oil,  but  is  sim- 
ilar to  that  now  so  abundant  at  Los  Angeles,  California. 

Oil  has  been  discovered  in  the  Philippines,  and  is  ex- 
tracted in  Panay,  Luzon,  Mindanao  and  other  islands.  In  most 
cases  it  is  in  a  stratum  of  rock  about  350  feet  below  the  surface 
The  working  is  done  by  the  natives,  but  largely  with  machinery 
from  America. 

W.  H.  Weed,  who  has  recently  spent  some  time  in 
Mexico,  has  returned  to  this  country,  and  is  now  engaged  in 
the  fuial  investigations  at  Butte,  Montana,  preliminary  to 
the  publication  by  the  U.  S.  Geological  Survey  of  an  ex- 
haustive report  upon  the  economic  geology  of  the  Butte  dis- 
trict Mr.  Weed  expects  to  ccwnplete  his  studies  at  Butte  in 
about  a  year,  and  will  then  probably  commence  the  study  of 
the  copper  region  of  New  Mexico. 

C.  W.  Clark,  son  of  U.  S.  Senator  W.  A.  Clark,  of  Mon- 
tana, has  endowed  the  Chair  of  Mining  Engineering  in  the 
Montana  State  School  of  Mines,  located  at  Butte,  Montana. 
The  chair  thus  established  has  not  yet  been  filled. 

The  Anaconda  Copper  Mining  Company  has  presented 
to  the  Montana  State  School  of  Mines  a  rock  cutting  and  a 
rock  grinding  machine  of  the  best  make,  and  equipped  with 
all  accessories.  It  has  also  presented  to  the  Museum  a  speci- 
men of  chalcocite  weighing  3,500  pounds — doubtless  the  larg- 
est of  its  kind  anywhere  on  exhibition.  It  was  taken  from  the 
Never  Sweat  mine,  one  of  the  Anaconda  group  at  Butte. 

The  American  Association  for  the  Advancement 
OF  Science  will  hold  its  next  annual  meeting  at  Denver,  Col- 
orado, August  24  to  31. 

The  American  Institute  of  Mining  Engineers.  The 
eightieth  meeting  (being  the  thirty-first  annual  meeting)  was 
held  in  Richmond,  Va.,  beginning  Tuesday  evening,  February 
19. 

Mr.  J.  Edward  Spurr,  at  one  time  connected  with  the  Min- 
nesota Geolc^cal  Survey,  and  more  recently  with  that  of 
the  National  Government,  has  been  appointed  geologist  to 
the  Sultan  of  Turkey,  at  a  liberal  salary  and  all  traveling 
expenses  for  himself  and  family,  and  will  shortly  depart  for 
his  new  field  of  labor,  with  leave  of  absence  for  one  year  from 
the  U.  S.  Geological  Survey.  It  is  understood  that  he  is  also 
to  have  a  share  in  any  discoveries  that  he  may  make,  and  that 
he  is  to  be  provided  with  suitable  assistants  and  a  body  guard 
of  soldiery. 

Ma  J.  A.  W.  Vogdes,  who  has  been  at  San  Juan  since  the 
Spanish  war,  has  returned  to  New  York,  and  has  his  address 
at  Fort  Hamilton. 

A  BRONZE  bas-relief  of  the  late  Dr.  J.  S.  Newberry  has 
been  presented  to  Columbia  University  by  his  children. 
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Tribute  to  Victoria.  At  a  postponed  meeting  of  the  Ot- 
tawa Field  Naturalists'  Club  held  on  the  29th  day  of  January, 
1901,  one  week  after  the  death  of  Her  Majesty  Queen  Vic- 
toria, the  following  resolution  was  unanimously  passed :  "In 
conunon  with  all  the  sorrowing  subjects  of  His  Imperial  Ma- 
jesty King  Edward  VII.  the  members  of  the  Ottawa  Fidd- 
Naturalists'  Club  desire  to  express  their  deep  sense  of  sorrow 
and  loss  at  the  demise  of  their  beloved  Sovereign  Lady,  Queen 
Victoria,  .during  whose  glorious  reign  of  sixty-four  years, 
scientific  work  and  research,  such  as  our  Club  aims  to  accom- 
plish, have  received  unprecedented  impetus."  At  the  last  meet- 
ing of  the  same  Club,  held  on  Tuesday,  Feb.  12th,  Dr.  R.  W. 
Ells  read  his  paper  entitled,  "Ancient  Channels  of  the  Ottawa 
River." 

The  Technical  Staff  of  the  Canadian  Geological  Sur- 
vey is  being  rapidly  depleted.  Amongst  those  who  have  re- 
signed are :  Dr.  A.  C.  Lawson,  Dr.  F.  D.  Adams,  and  Messrs. 
Eugene  Coste,  E.  B.  Kenrick,  W.  P.  Ferrier,  A.  J.  Cole,  J.  B. 
Tyrrell  and  A.  P.  Low. 

Dr.  Otto  Kuntze  is  undertaking  to  supply  a  series  of 
typical  Monticuliporoidea  in  thin  sections  with  specimens  to 
those  who  may  desire  to  purchase  them.  Whether  these  fossils 
are  Bryozoa  or  are  corals  may  be  left  for  specialists  to  decide. 
The  materials  offered  by  Dr.  Kuntze  will  in  either  case  be  of 
great  value  as  an  aid  to  the  study  of  monticuliporoids. 

Mr.  a.  p.  Low^  of  the  Geological  Survey  of  Canada,  it  is 
understood  has  accepted  a  lucrative  position  in  connection  with 
one  of  the  Nova  Scotia  trusts.  Mr.  Low  has  been  regularly  em- 
ployed on  the  staff  of  the  Geological  Survey  of  Canada  sine 
1882  and  was  last  year  appointed  one  of  the  Commissioners  for 
Canada  at  the  Paris  Exposition. 

Mr.  R.  D.  Lacoe,  a  well-known  geologist  and  collector 
of  Carboniferous  fossil  plants,  of  Pittston,  Pa.,  died  Feb.  5, 
1901. 

Billings  Memorial  Portrait.  A  fine  oil  portrait  by 
Moss,  R.  C.  A.,  of  the  late  Elk  an  ah  Billings^  was  recently 
presented  to  the  director  of  the  Geological  Survey  of  Canada 
and  can  now  be  seen  adorning  the  wall  of  the  stairway  in  the 
front  hall  leading  lo  the  museum  of  the  survey,  on  Sussex 
street,  Ottawa.  The  portrait  was  presented  by  a  committee  of 
the  Ottawa  Field-Naturalists*  Club,  who  acted  on  behalf  of 
the  subscribers  to  the  Billings'  memorial  portrait  fund,  and 
the  following  inscription  accompanies  the  portrait: 

Elkaxaii  Billings,  Esq.,  F.  G.  S. 

Palaeontologist  from  1856  to  1876. 

Presented  to  the  Geological  Survey  of  Canada  by  a  Committee 

of  the  Ottawa  Field-Xaturalists'  Club,  Dec.   ilth,   1900,  on 

behalf  of  his  friends  and  admirers. 
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INTRODUCTION. 

In  the  present  paper  it  is  proposed  to  give  a  summary  of  the 

results  obtained  from  several  years'  careful  field  and  laboratory 

study  of  the  granitic  rocks,  comprised  within  the  limits  of  thi: 

Piedmont  Plateau  region  of  Georgia-  


e  Geologist  of  Georgia. 
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The  Piedmont  plain  in  Georgia  represents  the  southern 
prolongation  of  the  similar  physiographic  province  in  Virginia 
and  the  Carolinas.  It  is  a  well  dissected  low-land  plain  of  holo- 
crystalline  rocks,  crossing  the  state  in  a  south  of  west  course, 
and  skirting  the  southeastern  border  of  the  Appalachians  with 
a  gentle  seaward  slope,  and  passing  on  the  southeast  beneath 
the  Coastal  plain  sediments.  The  plateau  has  a  general  average 
elevation  of  350  to  450  feet  above  sea  level,  along-  the  line  of 
contact  with  the  Coastal  plain  formations,  and  an  average  ele- 
vation of  1,000  feet  along  its  northwestern  border.  A  few  un- 
reduced areas — residuals — of  moderate  elevation,  rise  above 
the  general  level  of  the  plain,  which,  as  a  rule,  represent  parts 
of  harder  rock-masses  remote  from  the  major  streams. 

The  prevailing  rocks  forming  the  Plateau-crystalline-com- 
plex are  mica-schists,  gneisses  and  massive  g^nites.  The 
schists  more  particularly,  are  cut  by  numerous  well-defineJ 
dikes  of  basic  eruptivcs,  diabases  and  diorytes,*  which  van- 
from  several  inches  to  as  many  hundred  feet  in  width:  and. 
in  one  or  two  cases,  have  been  traced  for  some  miles  in  length. 

The  mica-schists  form  a  large  part  of  the  rock-complex. 
They  vary  somewhat  in  color;  are  thinly  foliated  rocks,  and 
show  considerable  variation  according  to  locality  in  the  pro- 
portion of  mica  and  quartz  and  often  feldspar.  More  or  less 
feldspar  is  invariably  present.  The  increase  in  this  constituent 
may  possibly  mark  in  places  the  transition  from  schists  into  cer- 
tain gneisses  of  granitic  composition.  This  can  in  nowise  ap- 
ply, however,  to  the  gneisses  thus  far  studied  in  this  area,  since, 
in  many  instances,  sharp  contacts  are  plainly  marked  between 
the  two  rocks.  The  basic  dike  rocks  vary  from  fine  to  coarse 
granular  in  texture ;  they  are  occasionally  porphyritic  and  fre- 
quently banded  in  structure,  and  gray  to  black  in  color.  The 
usual  normal  rock-types  are  present,  which,  as  a  rule,  present 
no  unusual  features  in  mineral  composition.  The  dikes  are 
limited  for  the  most  part,  to  the  enclosing  schists  and  are  rare- 
ly actually  seen  cutting  the  granitoid  rocks.  The  g^nitic  rocks 
are  traceable  across  the  entire  width  of  the  state,  and  are  ac- 
cordingly of  wide  distribution  throughout  the  Piedmont  area; 

•  other  basic  rocks  usually  laminated  or  thinly  schifttose  in  atmcttiTe  and 
somewhat  porphyritic  in  pluceii'.  simulating:  dikes  and  ^ottped  for  the  most 
part  at  present,  as  amphibolytes  have  not  been  sufficiently  studied  to  warrait 
definite  statements. 
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and  are  asfiociated  with  similar  rocks  continuously  into  South 
Carolina, 

In  the  western  section  of  the  plain,  near  the  Alabama  line, 
somewhat  extensive  belts  of  very  dark-colored,  thinly  banded 
hornblende  gneisses  or  amphibolytes  are  met.  [Plate  XVII, 
figures  I  and  2.]  They  are  strongly  contrasted  with  the  gran- 
itic gneisses  with  which  they  arc  intimately  associated.  In  thin 
sections,  hornblende  of  a  greenish-brown  and  blue  color  makes 
up  half  the  rock  or  more.  PlagiocJase  is  the  prevailing  feld- 
spar, but  orthodase  and  quartz  in  variable  amounts  always  3iC- 
company  it.     Epidote  is  a  frequent  characteristic  accessory. 

On  general  textural  and  structural  grounds,  the  granitoid 
rocks  are  grouped  and  separatel}-  treated  under  three  general 
headings;  (a)  The  even-grained,  normal,  massive  granites, 
(b)  porphyritic  granites,  and  (c)  granite-gneisses.*  The 
relationships  of  the  three  phasal  aspects  of  the  granite  rocks 
are  established  in  the  succeeding  paragraphs. 

(a)  the  even-gr-uned,  normal,  massive  granites. 

Granites  of  superior  quality  and  variety,  well-suited  for 
general  building  and  monimicntal  work,  have  long  been  known 
in  Georgia.  Their  extent,  distribution,  physical,  mineral  and 
chemical  characters,  however,  are  almost  entirely  unknown, 
since  no  S3rstematic  geo]<^ca1  work  has  been  undertaken.  Un- 
til quite  recently,  the  famous  Stone  mountain  light-gray  bio- 
tite-bearing  muscovite  granite  was  the  only  type  of  Georgia 
granite  known  outside  the  state.  Within  the  past  few  years, 
however,  several  areas  yielding  a  high  grade  monumental  gran- 
ite have  come  somewhat  prominently  into  favor  in  some  sec- 
tions of  the  United  States. 

PETKOGRAPHY. 

With  two  exceptions,  all  the  granites  are  biotite  granites. 
Muscovite  is  prevailingly  present  in  variable  amounts,  and 
very  prominent  as  an  accessory  in  some  places;  while  horn- 
blende fails  entirely.  They  are  described  under  the  following 
types :  The  Oglesby-Lexington  blue-gray ;  the  Elberton-Ech- 
ol's  Mill  light-gray;  the  Campbell-Coweta-Meriwether  coun- 
ties' medium  blue-gray ;  the  Stone  mountain  light-gray. 

•  The  terai  KTaattc-jodm  in  nicd  in  tliii  paper  to  drnote  KMisKi  derived 
from  masilTe  Kranitca  b;  met^^morphH™,  and  tfaerrfore  icneuna  in  origin,  ai 
contrasted  with  tbow  BsdsM*  of  known  Kdinirntarv  uriKin- 
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Numerous  smaller  areas  are  widely  distributed  over  tbe 
Piedmont  region,  but,  in  the  cases  studied,  they  naturally  fall 
into  one  or  the  other  of  the  types  mentioned  above,  separate  de- 
scriptions of  which  are  unnecessary  and  beyond  die  scope  of 

the  present  paper. 

The  Oglesby-Lexington  Blue-Gray  GsAim&  The 
Oglesby-Lexington  belt  of  dark-blue  granite  is  oootiiiaoiii  for 
thirty  miles  in  a  northeast-southwest  course,  with  aa  ftverage 
of  four  to  six  miles  in  width.  Practically  no  variatiaii  in  tex- 
ture is  noted  within  these  limits,  but  appreciable  color  yariadon 
is  apparent  in  places,  according  to  the  quantitative  variation  in 
the  biotite  constituent. 

This  variety  consists  of  anhedra  of  an  average  size,  0.5-1.5 
millimeters.  [Plate  XVIII,  figure  i.]  The  texture  is  hypidio- 
morphic  granular.  Simple  Carlsbad  twins  among  some  of  the 
feldspars  are  readily  recognizable  in  many  of  the  hand  speci- 
mens. The  principal  minerals  are  quartz,  orthodase,  micro- 
cline,  plagioclase  near  oligoclase,  biotite,  some  muscovite,  a 
little  included  apatite  and  zircon,  and  occasional  grains  of  mag- 
netite and  pyrite.  Secondar)'  chlorite,  epidote,  muscovite  and 
kaolin  are  present  to  some  extent.  In  addition,  as  an  intersti- 
tial constituent,  quartz  is  frequently  present  in  drop-like  in- 
clusions in  the  larger  feldspar  individuals ;  and,  at  times,  is  in- 
tergrown  with  a  part  of  the  feldspar  in  tlie  form  of  ovals  or 
rounded  discs  of  micropegmatitic  intergrowtbs.  The  period 
of  growth  of  the  quartz  and  feldspar  was  in  part  simultaneous. 
( Jrthoclase  is  the  predominating  feldspar  present,  and  frequent- 
ly exhibits  micropcrthitic  intcrgrowths  witli  a  second  feldspar, 
probably  albite.  Microcline  varies  in  quantity,  but  at  times 
may  equal  the  ortlicxrlasc.  The  habit  of  simple  Carlsbad  twins 
is  common  to  the  two  potash  feldspar  varieties.  The  plagio- 
clase is  always  inferior  in  amount  to  the  potash  feldspars,  and, 
as  a  rule,  i^ves  low  extinction  angles  in  basal  sections.  The 
percentage  of  lime  in  the  analyses  given  below  with  the  micro- 
>copic  evidence  indicates  oligoclase  as  the  triclinic  feldspar 
])resent.  The  biotite  is  regularly  distributed  through  the  rock 
in  irregular  dra\vn-()ul  sinq^le  slireds  and  foils,  deep  bro>vn  in 
color  and  stronfjly  pleucliroic.  It  is  intimately  associated  with 
foils  of  muscovite  and  is  j>artially  altered  to  chlorite.  The  re- 
niaininLT  accessories  j>resi.nt  no  note-worthv  features. 
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Chemical  Analyses  of  the  Oglesby-Lbxington  Dark  Blue  Granite. 


I 

II 

III 

IV 

V 

VI 

VII 

VIII 

SiOs 

70.38 

70.30 

70.18 

70.03 

69.74 

69.64 

69.53 

69.36 

AljOs^ 

16.47 

16.17 

17.30 

15.62 

16.72 

17.21 

16.46 

17.23 

FcjOst 

1.17 

1.19 

1.20 

1.31 

1.45 

1.32 

1.15 

1.43 

CaO 

1.72 

2.61 

2.03 

2.45 

1.93 

2.14 

2.10 

2.14 

MgO 

0.31 

0.31 

0.64 

0.52 

0.36 

0.66 

0.85 

0.59 

K2O 

5.62 

4.88 

4.77 

5.42 

5.33 

.  4,95 

4.91 

4.57 

Na20 

4.98 

4.72 

4.36 

4.82 

4.84 

4.53 

5.00 

5.17 

Igni 

0,31 

0.63 

0.35 

0.77 

0.47 

0.35 

0.91 

0.33 

Total  100.96  100.81  100.83  100.94  100.84  100.80  100.91   100.82 

I.    Biotite  granite  from  Swift  &  Etheridge  quarry,  4  miles  west  of 
Elberton,  Georgia. 

II.    Biotite  granite  from  Diamond  Blue  Granite  Co.'s  quarry,  near 
Hutchins,  Oglethorpe  Co.,  Ga. 

III.  Biotite  granite  from  Brown  &  Deadwyler  qbarry, Madison  coun- 

ty, Georgia. 

IV.  Biotite  granite  from  Lexington  Blue  Granite  Co.*s  Quarry,  Lex- 

ington, Georgia. 

V.    Biotite  granite  from  Coggin's  Granite  Co.'s  quarry,  near  Ogles- 
by,  Elbert  county,  Georgia. 

VI.    Biotite  granite  from  Coggin's  Granite  Co.'s  quarry  No.  2,  near 
Oglesby,  Georgia. 

VII.    Biotite  granite  from  outcrops  near  Hutchins,  Oglethorpe  county, 

Georgia. 
VIII.    Biotite  granite  from  the  Child's  quarry,  near  Oglesby,  Georgia. 

The  Elberton-Echol's  Mill  Light-Gray  Granite: 
This  type  is  represented  by  a  belt  of  approximately  the  same 
dimensions  and  general  direction  as  the  Oglesby-Lexington 
blue-gray  gjanite,  which  it  limits  immediately  on  the  southeast. 
The  two  areas  are  contiguous,  and  while  well  differentiated  as 
to  color,  and  in  a  less  degree  texture,  in  their  extreme  portions 
they  undoubtedly  form  parts  of  the  same  general  area,  as  the 
g^dation  is  well  shown  near  Elberton  and  Carlton. 

The  Elberton-Echol's  Mill  light-gray  type  does  not  differ 
essentially  in  mineralogy  from  the  Oglesby-Lexington  dark 
blue  granite,  although  they  are  strongly  contrasted  in  the  hand 
specimens.  The  difference  is  essentially  one  of  color,  with  the 
biotite  distributed  at  greater  intervals  and  in  somewhat  stouter 
aggregated  shreds  in  the  Hght-gray  granite.  As  a  rule,  the 
light-gray  type  is  slightly  more  coarsely  crystalline  than  the 
dark-blue  variety.  The  same  minerals  are  present  in  nearly 
the  same  proportions  and  show  the  same  characteristics  in  the 
two  types.     Quartz,  orthoclase,  microcline,  plagioclase,  biotite, 

'Contains  traces  of  PaOs.  TiO*  and  ZrOa  when  present. 
tAll  iron  estimated  as  PeaOa. 
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Chemical  Analyses  of  the  Elberton-Echol*8  Mili#  LiOHT^GRi 

Granite. 


I  a  little  niuscovite,  apatite  and  zircon  are  all  present.     [Pfc 

1  XVIII,  fi^re  2,] 

y 

jit 


I. 

II. 

III. 

SiOa 

69.45 

69.25 

68.81 

AI2O8 

15.93 

16.04 

17.67 

FeaOs* 

1.31 

1.72 

1.13 

CaO 

1.91 

1.89 

2.17 

MgO 

0.55 

0.31 

050 

K3O 

5.16 

4.94 

3.90 

NaaO 

4.33 

4.52 

4.97 

Igni 

0.50 

0.43 

0.30 

Total  99.14  99.10  99.45 

1.    Biotite  granite  from  Swift  and  Wilcox  quarry,  1  mile  south 
Elberton,  Georgia. 

II.    Biotite  granite  from  Tate  and  Oliver  quarry   in   the  limits 
Elberton,  Georgia.   • 

!  III.    Biotite  granite  from  Echol's  Mill,  12  miles  northeast  from  Lezii 

[  ton,  Georgia. 

* 

# 

The  Campbell-Coweta-Meriwether  Counties'  Mediu 
^  Blue-Gray  Granite  :    In  addition  to  the  normal  massive  gra 

itcs,    coarsely   crystalline   porphyritic   g^nites   and    granil 
/  gneisses  of  essentially  the  same  mineral  and  chemical  compos 

*  tion,  arc  found  in  intimate  association  over  parts  of  Campbe 

Coweta  and  Mcriwetlicr  counties. 

The  even-granular  massive  type  of  granite  is  of  two  vari 
ties.  One.  the  medium  gray,  is  an  average  fine-textured  cry 
talline  rock  consisting  of  anhedra  of  an  average  size,  0.5-1 
millimetres.  [Plate  XIX,  figures  i  and  2.]  The  other,  a  dar 
blue-gray,  occurs  in  the  southwest  section  of  Meriwether  cou 
ly.  [Plate  XX,  figure  i.]  It  is  more  coarsely  crystalline  ai 
S  darker  in  color  and  contains  a  larger  proportion  of  biotite,  tte 

^  the  medium  gray  type. 

fi  The  medium  gray  tyi>e  traverses  Campbell,  Coweta  ai 

Meriwether  counties,  in  a  nearlv  north-south  course,  wi 
(|uarries  upened  near  the  respective  county  seats,  Fairbur 
Xewnan  and  Green villc.  The  variation  in  color  and  textui 
in  general,  is  vctv  slight.  The  northern  part  of  the  granit 
^  mass,  in  the  vicinity  of  Fairburn,  is  somewhat  lighter  in  colo 

I  wiili  the  middle  and  southern  ]>arts  near  Newnan  and  Greci 

ville,  oorre^pendingly  darker.     This  tyix?  is  closely  similar  i 
mineral  and  chenn'cal  com]xjsition  to  the  Oglesby-Lexingtc 

•  All  iruii  cstiiiuilcMl  as  Fi'2r>3. 


E  XIX,  Figure  i.  Puotouicrogiiapii  of  the  Campbell-Coweta- 
Mehiwethek  counties'  hediuu  blue-cbay  Granite.  Two  miles 
NORTH  OF  Fairbubit,  Campbell  county,  Georgia.  Crossed  nicoi.s 
x?4. 


Plate  XIX.    Ficlre  2.    I'li 


*  1. 
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Puts  XX. 


Plate  XX.    Ficire  i.    Photo mici«icb.\pr  of  bark-blit-gray  Gran- 
ite      NEAR    OdESSADALE.     MERmTTHER    COt'NTY,    GEORGIA.  CROSSED 


Plate   XX.     F: 
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ue^gray.  and  the  Elberton-Echol's  Mill  light-^ay  types,  and 
intermediate  in  color  and  texture  between  the  two  latter  va- 
eties.  The  component  minerals  are  quartz,  orthoclase,  mi- 
ocline,  plagioclase  near  oligoclase,  biotite,  a  little  muscovite, 
)atite  and  zircon.  Some  secondary  epidote  and  chlorite  from 
e  alteration  of  feldspar  and  biotite  are  usually  present.  Sev- 
al  small  garnets  have  been  noted  in  one  or  two  places  in  the 
irthern  part  of  the  belt.  The  orthoclase  is  microperthitic  in 
ructure  and  is  the  predominating  feldspar.  Microcline 
»r]y  fails  in  places  and  is  very  abundant  in  others.  Plagio- 
ase  is  of  the  usual  kind  noted  above.  Rounded  disks  of  micro- 
igmatitic  intergrowths  of  quartz  and  feldspar  are  ccwnmon. 
iotite  is  present  in  variable  amounts  intimately  associated 
itli  muscovite.  Muscovite  is  always  subordinate  to  biotite 
amount.  The  biotite  is  deep  brown  in  color  with  strong  ab- 
irption  and  variously  altered  to  chlorite.  Epidote,  in  the 
rm  of  irregular  grains  and  idiomorphic  crystals,  is  somewhat 
mndant  in  thin  sections  of  the  Cole  quarry  granite  near 
ewnan.  The  increased  percentage  of  lime  in  the  analysis 
this  rock  corroborates  the  microscc^ic  evidence  (see  analy- 
I-) 

^UICAI.    .^SAl-VSES    OF    THK    CoWBT*    CoUNTV     MEDIUM    BLUE-GKAV 


SiOj 

69.08                69.07 

68.79 

AlaOa- 

17.67               16.56 

16  48 

FcOjt 

1.41                   1.37 

0.98 

CaO 

3.27                  1.83 

1.76 

MgO 

0.6*                  0.76 

1.30 

KaO 

3.29                  5.02 

5.85 

NaiO 

4.56                  4.65 

4  7+ 

leni 

0.56                  0.92 

0.38 

Total 

100.48              100.18 

100.28 

e  granite  from  the  Cole  quarry,  near  New 

an.  Georgia 

Biotite  K''3°>t^<  I'^xi  the  Overby  qaarry,  10  miles  northeast  Irom 
Newnaa,  Georgia, 
.    Biotite  granite  from  the  Hill  (jnaTrr.  314  mileH  NOatheaat  from 
Newnan,  Georjna. 

The  dark  gray  variety  is  more  coarsely  crystalline  than  the 
eceding  and  contains  more  biotite  and  perhaps  more  plagio- 
ise  as  a  rule,  with  slightly  less  quartz.     The  specific  gravity 
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and  chemical  analysis  given  in  table  A,  corroborate  the  above 
inferences.  The  component  minerals  are  essentially  the  same, 
but  in  slightly,  var}^ing  proportions,  as  for  the  preceding  types. 

The  Stone  Mountain  Light  Gray  Granite:  The  Stone 
mountain  light  gray  variety  is  strongly  contrasted  with  all 
other  types  of  granite  in  the  state.  In  mineralogy  it  differs 
only  in  the  reversed  proportion  of  biotite  to  muscovite,  and  is 
a  biotite-bearing  muscovite  granite.  Biotite  is  a  constant  ac- 
companiment, but  is  greatly  subordinated  to  muscovite  in 
quantity.  This  type  is  uniformly  light  gray  in  color  over  the 
entire  area,  but  shows  some  variation  in  texture,  in  places.  It 
is  intermediate  in  texture  between  the  other  types  of  normal 
granite  on  the  one  hand,  and  the  coarsely  crj'stalline  g^ranite 
matrix  of  the  prophyritic  granites  on  the  other.  As  a  rule,  the 
Stone  mountain  t>'pe  consists  of  anhedra  ranging  in  size  from 
1.5-2.5  millimetres.  [Plate  XX,  figure  2.]  The  potash  feld- 
spars predominate  with  orthoclase  usually  in  excess  of  micro- 
cline.  The  orthoclase  is  commonly  interwoven  with  a  second 
feldspar  in  micropcrthitic  structures.  Microcline  is  subject  to 
considerable  variation  in  amount,  at  times,  equaling  that  of 
the  orthoclase  in  places,  and  sinking  to  a  minimum  in  others. 
Plagioclase  is  only  subordinate  to  the  postash  feldspars  in 
amount,  and  occurs  as  stout  laths  with  the  characteristic  poly- 
synthetic  twinning,  lamellae  affording  as  a  rule  low  extinction 
angles  on  the  base.  Quartz,  in  addition  as  irregular  interstitial 
grains,  is  common  in  drop-like  inclusions  in  the  feldspars. 
Muscovite  occurs  either  as  individual  flakes  or  aggregates  with 
strong  double  refraction  and  often  a  faint  yellowish  tinge. 
The  ray  vibrating  parallel  to  the  cleavage  shows  appreciable 
absorption  in  many  flakes.  Biotite,  as  single  foils  with  the 
usual  pronounced  color  and  absorption,  is  associated  with  the 
muscovite.  Accessory  apatite  and  zircon,  and  secondary  chlo- 
rite, complete  the  list  of  microscopic  minerals  present.  (Sec 
analysis  I,  table  A.) 

Several  minerals  not  met  in  thin  sections  of  the  Stone 
mountain  granite  are  frequent  microscopic  acccmipaniments  in 
the  rock.  The  most  abundant  one  of  these  is  black  tourma- 
line. This  mineral  is  present,  in  every  block  of  stone  quar- 
ried, in  the  shape  of  aggregated  small  prismatic  crystals  usu- 
ally without  terminal  faces,  embedded  in  a  perfectly  white  ir- 
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jgular  oval-shaped  area  of  quartz  and  feldspar,  from  which 
le  two  micas,  muscovite  and  biotite,  have  been  excluded.    As 

rule,  the  white  areas  containing  the  tourmaline  bunches  are 
tily  a  fraction  of  one  inch  to  several  inches  in  diameter,  though 
irger  ones  are  by  no  means  exceptional.  Small  crystals  of 
id  garnet  are  not  uncommon.  The  joint  planes  exposed  in 
iveral  quarries  on  the  north  side  of  the  ridge  are*  coated  with 

sulphur-yellow  incrustation,  which,  upon  chemical  investiga- 
!on,  proved  to  be  a  mixture  of  uranophane  and  hyalite,  with 
le  former  in  excess. 

Approximately  12  miles  southwest  from  Stone  mountain 
1  the  same  county,  is  a  second  exposure  of  a  biotite-bear- 
ig  muscovite  granite,  light  gray  in  color  and  finely  crystalline 
n  texture.  The  rock  has  been  used  to  some  extent  as  a  mon- . 
imental  stone.  It  consists  of  the  same  materials  in  the  same 
»roportions  as  the  Stone  mountain  granite.  Micropegmatitic 
titergrowths  of  quartz  and  feldspar  are  common.  The  pris- 
natic  inclusions  of  apatite  in  the  quartz  are  frequently  bent  and 
•roken,  and,  in  some  cases,  the  parts  have  slipped  past  each 
ther. 

Some  effects  of  strain  are  frequent  in  all  the  above  types 
►f  granite,  indicating  that  they  have  suffered  from  partial 
[ynaniic  metamorphism.  The  microscopic  evidence  strengtli- 
nin^  this  conclusion  is  undulatory  extinction  in  the  quartz; 
racturc  lines  crossing  the  quartz  and  sometimes  the  lar^j^er 
eldspar  anhedra ;  and  somewhat  increased  microclinc  in 
»laccs.  manifesting  some  evidence  of  a  strained  condition.  In 
deri wether  county,  and  several  of  the  nearhv  counties,  areas 
•f  rather  pronounced  foliated  f^ranites  of  the  same  mineral  and 
hemical  composition,  reseniblinj::;'  in  other  respects  the  massive 
►hases,  are  found.  The  i^radation,  if  such  exists,  between  the 
tiassive  and  foliated  granites  could  not  he  satisfactorily  traced 
n  the  field,  in  this  area,  hut  the  laboratory  evidence  strongly 
avors  such.  If  this  l)e  true,  the  traceable  gradations  in  the 
ield  are  rendered  impossible  on  accoimt  of  few  ex])osures  and 
he  verv  heavv  covering  of  residual  decay.  Tn  thin  sections  of 
he  foliated  rocks,  the  evidence  of  pressure  metamorphism  is 
ncreased  in  some  peripheral  shatterini^  of  the  larcfor  quart>: 
ind  feldspar  individtials.  Pressure  metamorphism  is  furtlu-r 
nade  evident  in  the  Stone  mountain  type  in  a  slii^ht  pseudo- 
'oliation. 
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I  i;)       TIIK  PORrilYRlTIC  GRANITES. 

The  porphyritic  facies  of  the  Georgia  granites  are  else- 
were  described  and  discussed  at  some  length  by  the  writer.* 
The  individual  areas  are  described  in  detail  and  their  rdations 
to  the  normal  granite  facies  stated.  For  the  purposes  of  the 
present  paper,  it  is  only  necessary  to  note  their  distiftotion 
and  briefly  describe  them  as  a  whole,  detailing  their  cfaiei  char- 
acters so  far  as  they  bear  on  the  present  problem. 

More  than  a  half-dozen  well-defined  separate  areas  of 
coarsely  crystalline  porphyritic  granites  are  noted  within  the 
limits  of  the  Piedmont  Plain  of  Georgia.  In  every  case,  they 
are  associated  with  an  even-granular  facies  of  the  same  rock, 
having  the  same  mineral  and  chemical  composition.  The  por-  i 
phyritic  areas  have  been  designated  as  follows:  The  Camp- 
bell-Coweta-Fayette counties'  area:  the  Pike  county  area:  the 
Fulton  county  area;  the  Brinkley  place- Holder's  Mill  area;  the 
.Sparta  area:  the  Milledgeville  area:  the  Greene  county  area: 
the  Columbia  county  area. 

General  Description  :  Certain  general  features  are  com- 
mon to  all  the  porphyritic  areas,  although  the  rocks  are  strong- 
ly contrasted  in  many.  With  one  exception,  they  are  all  mas- 
sive in  structure,  without,  as  a  rule,  trace  of  the  primar>'  or 
secondary  foliated  structure.  The  exception  is  In  the  Brink- 
ley  Place-Holder's  Mill  area,  where  the  rock  has  a  pronoanced 
schistose  structure,  clearly  due  to  pressure  metamoridiisin. 
The  porphyritic  granites  are  prevailingly  coarse-grained  and 
light  to  dark  gray  in  color,  according  to  the  amount  of  faiotite 
present. 

PETROGRAPHY. 

The  groundmass  or  matrix  is  a  typical  coarse  biotite  granite 
without  the  foliated  structure.  It  consists  of  anhedra  meas- 
uring 3  to  8  millimetres  in  size.  [Plate  XXI,  figures  I  and  2-] 
I'he  principal  minerals  are  quartz,  orthoclase,  microdiney  plagi- 
oolaso.  hif)tite,  a  little  muscnvitt*.  apatite  and  zirccui.  Some 
chlorite  ami  epidote  derived  from  the  alteration  of  the  feldspar 
ami  biotite  occur.  Quartz  is  abundant  and  the  feldspars  have 
the  same  j::eneral  characters  as  in  the  even-granular  types  of 

•./iiur«.i/  f.f"  <;«•.! /«»^'r.  Hi  Ml,  vol.  ix.  Fcbrnar  J- March   number.     A   Preliini- 
r.:ii y  Ktpi>ri  i)ii  the  I'^raiiitc*'  and  Gneisses  ol'tieorpia.  fieoLSor,ofGsi.,  in  prcw- 


■   AMRBTCIK  Gbolouist,  Vol..   XXVU. 


Platb  XM. 


;    XXr.        FlCl-HE      2.        Pll(.T.IM 
NEAR   Cl'WETA   StATIOM,     CoWKT. 

X74. 


i. 


—  *  « 


.  «. 


TILDE  .  ^JCWOATIOIM. 


gfranile  described  above,  Microcline  is  possibly  subject  to 
variation  than  in  the  normal  granites,  and  plagioclase 
is,  as  a  rule,  slightly  increased.  The  feldspars  are  usuallv 
while  opaque  in  color,  with  greenish -white  and  pink  tints  not 
uncommon.  The  interstitial  feldspar  is  transitional  into  the 
phenocrjsts  in  several  areas.  The  quartz  frequently  crystal- 
lized simultaneously  with  the  feldspars,  resulting  in  the  funmi- 
tion  of  ovals  of  micropegniatitic  .structures,  common  in  the  thiu 
sections  from  all  the  areas.     Biotite  is  variable  in  amount  but 

'  occurs  in  stout  plates,  deep  brown  in  color  and  strongly  plco- 
chroic.     Apatite  is  very  abundant  in  the  form  of  stout  pris- 
matic inclusions  in  some  slideii  and  almost  fail.i  in  others. 
The  phcnocrysts  are  usually  opaque  and    white    in    color 

.  with  pink  tints  common.  They  vary  from  10-50  millimetrfs 
long  and  5-10  millimetres  across;  and  vary  from  allotriomor- 

'  phic  to  idiomorphic  in  crjstal  outline.  The  idioinorphic  ty(ic 
prevails,  tiowcvcr:  flat,  tabular  parallel  to  the  clinopinacoid 
(oio),witli  (001)  and  fioi)  cleavages  well  developed.  They 
display  the  usual  habit  of  simple  Carlsbad  twins.  Only  the 
potash  varieties,  ortlioclase  and  microcline,  arc  iK>rphynticallv 
developed,  and.  as  a  rule,  are  intergrown  with  a  second  feld- 
spar in  microperthitic  fashion.  Thej'  invariably  contain  in- 
clusions of  all  the  groundmass  minerals,  which  with  other  evi- 
dence, indicates  simultaneous  growth  with  the  interstitial  com- 
ponents. The  inclusions  of  biotite  plates  arc  always  macro- 
scopic in  size  and,  in' many  cases,  the  included  mica  is  equally 
large  as  the  same  interstitial  mineral.  The  ix  pi..\ce  as  against 
iNTR.\TF.Li.i;Ric  oHgin  for  the  phenocrysts  lias  been  elsewhere 
pointed  out. 


SiOi  64.64  64.40 

AljOi  19.64  18  97 

FejOj  0.37  0.37 

CaO  0.67  0  59 

MbO  tr.  tr. 

KiO  10.00  11.40 

NaaO  3,0B  3.60 

Ignition  0.22  0.19 

Total  98.60  99.52 

Sp.  Gr.  2,60  2.55    (ThoiiKt  solution.) 


210  Th€  American  Geologist  ^^  '^" 

rSec  ana!}  5.es  IX,  X.  XI,  XII.  XIIL  XI\',  and  X\'  .jf 
Table  \.\ 

Gradation  from  the  porphyritic  fades,  peripherally,  into  a 
medium  coarse-textured  noo-porphyritic  granite  facies  of  tiic 
same  mineral  and  chemical  composition  is  traceable  in  some  oi 
the  areas.  The  lack  of  field  evidence  favcwring  g^dadoa  in 
the  other  areas  is  probably  due  to  absence  of  exposures.  As  a 
rule,  the  rocks  in  the  Georgia  area,  as  well  as  in  the  soutfaeni 
states  in  general,  are  covered  by  a  heavy  mantle  of  residual 
decay,  and  exposures  of  fresh  rock  are  limited  and  by  no  means 
continuous. 

(C)       THE  GRANITE-GNEISSES.* 

Extensive  areas  of  gneiss  of  granitic  composition  abound 
in  the  Piedmont  Plain,  and  in  abundance,  becomes  one  of  the 
most,  if  not  the  most   important  rock  in  the  plateau-complex. 
The  gneisses  vary  from  medium  to  coarsely  crystalline  rocks 
with  a  pronounced  banded  or  schistose  structure.     The  planes 
of  schistosity  var\'  from  moderately  irregular  to  highly  contort- 
ed lines  with    the  banding  exceedingly  irr^^ular;  from  very 
thick  to  very  thin  layers.     They  are  closely  related  genetically 
to  the  massive  granites  from  which  they  differ  CMily  in  the 
banded    structure,    secondarily    imparted    through     dynaino- 
mctamorphism.     The  two  types — gneisses  and  massive  gran- 
ites— are  essentially  alike  in  mineral  and  chemical  composition. 
The  minerals  found  in  one  are  invariably  present  in  the  other. 
Furthermore,  the  minerals  most  abundant  in  the  one  also  pre- 
dominate in  the  other.     Like  the  massive  granites,  the  add 
j^neisses  are  all  biotite  gneisses.     Muscovite  is  an  invariable 
assrxriatc  hut  is  subordinated  in  ever>'  case  to  the  biotite  in 
^(uantity ;  and  hornblende  is  never  present.     The  acid  gneisses 
studied  are  believed  tor  these  and  other  reasons  stated  later, 
to  Ik-  metamorphosed  irruptive  granites  and  are  therefore  des- 
ipi^natcd  f^ranite-gneisses. 

Separate  descriptions  of  the  individual  areas  can  not  be  de- 
tailed here,  but  instead,  several  of  the  larger  and  representative 
ones  will  h<*  briefly  described  as  illustrating  their  composition. 

*  There  may  )»c  and  probably  are  Kncisscff  of  8«diinentaf7  origin  in  tbe 
natrnii-cryfitalltne-cotnplcx.  but  the  areas  of  ffneiss  so  far  studied  affbrd  no 
rvidcn<-c   fif   sucli    (tr'm'tn.     The   discussion   is  entirely  limited   to   those  areas 

^tU'li'-fl. 
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The  Lithonia  belt  of  contorted  gneiss  :  The  Lithonia 
belt  of  gneiss  is  continuous  over  a  large  part  of  three  contig- 
uous counties,  and  lies  immediately  adjacent  on  its  north  and 
west  sides  to  the  famous  Stone  mountain  light-gray  granite 
area.  The  belt  takes  its  name  from  the  town  of  Lithonia,  lo- 
cated near  the  centre  of  the  quarrying  industry.  The  rock  has 
been  quarried  ver}'  extensively  as  blocks  and  curbing  for  street 
paving,  and  has  been  shipped  to  the  principal  cities  in  the 
south  and  middle  west. 

It  is  an  irregularly  banded,  highly  contorted,  biotite  gran- 
ite-gneiss, medium  light-gray  in  color,  and  composed  of  anhe- 
dra  ranging  in  size  from  0.5-2.5  millimetres.  [Plate  XXII, 
figure  I.]  The  principal  minerals  are  quartz,  orthoclase,  micro- 
cline,  plagioclase,  biotite,  a  little  muscovite,  apatite,  zircon  and 
magnetite.  Some  secondar}'^  chlorite,  epidote,  kaolin  and  mus- 
covite occur.  Idiomorphic  crystals  of  red  garnet  are  very  com- 
mon in  some  of  the  quarries.  The  garnets  form  in  some  cases 
distinct  lenses  and  layers  alternating  with  bands  of  the  prin- 
cipal minerals,  and  are  also  scattered  as  single  crystals  through 
the  rock.  Small  areas  of  black  tourmaline  are  distributed  in  a 
similar  manner  through  the  granite-gneiss  to  that  of  the  Stone 
mountain  granite,  with  the  exception  that  the  areas  are  by  no 
means  so  freriuent  in  the  former  rock  as  in  the  Stone  moun- 
tain tyj)e. 

Orthoclase  is  the  prcdoniinatiuf;'  fel(ls])ar  ami  in  ])art  is 
micro])erthitic  in  structure.  Microcline  is  siibjoct  to  nuich 
variation  with  a  general  average  increase,  somewliai  larj^vr  for 
the  gneisses  than  for  the  ic^ranitcs.  The  increase  in  this  con- 
stituent in  the  foliated  granitic  rocks  over  tlic  massive  ly]Vv\- 
can  probably  be  accounted  for  on  the  basis  of  pressure  nieta- 
morphism,  as  numerous  pieces  of  the  mineral  show  some  indi- 
cations of  a  possible  induced  structure,  such  as  mii^dit  result 
from  excessive  strain.  A  large  percentage  of  tlii^  constituent 
however,  is  undoubtedly  primary  in  ori^nn.  while  the  remain- 
der is  somewhat  doubtful,  llagioclase  is  also  variable  in 
amount  and  is  present  in  the  form  of  stout  laths  with  charac- 
teristic polysynthetic  twinning,  alTordini;-  small  extinction 
angles  in  basal  sections.  ]*iotite.  as  deei)  brown-colored  and 
strongly  pleochroic  foils,  is  drawn  out  along  roughly  parallel 
lines.      It  is  associated  with  smaller  amounts  of  mn^-covite,  and. 
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as  a  rule,  carries  microscopic  inclosioDS.  Quartz,  with  occas- 
ional grains  of  feldspar,  are  common  in  drop-like  ischisiaas 
in  the  larger  feldspar  individuals.  Micropegmatitic  inter- 
growths  of  quartz  and  feldspar  do  not  fail  entirely  in  ihin  scc- 
ticms  of  the  granite-gneiss,  but  are  less  frequently  me:  than  ^ 
the  massive  granites. 

A  second  area  of  similar  higiily  contorted  gneiss  begins 
in  Troup  county  in  middle  southwest  Georgia  near  the  Ala- 
bama line,  and  crosses  Meriwether  counts-  in  an  east-west 
course.  Hand  specimens  of  the  rock  from  die  two  areas  arf 
•indistinguishable  and  are  identical  in  mineral  and  chemicai 
ccmiposition. 

The  other  areas  of  gneiss  are  strongly  contrasted,  and  van- 
in  degree  and  regularit}-  of  the  foliated  structure,  and  in  color 
and  texture.     The  relationships,  while  not  entirely  clear  in  the 
field,  possibly  suggest  that  several  of  the  areas  may  be  the 
transitional  foliated  phases  of  the  massive  g^ranites,  but  so  far 
as  the  writer's  obser\'ations  extend,  the  conditions   strongij 
point  to  no  gradation  of  the  t>'pical  gneisses  into  the  equivalent 
massive  rocks.     They  are  all.  however,  biotite  granites  with 
the  same  minerals  present  in  nearly  similar  proportions.     This 
fact  is  further  corroborated  in  the  table  of  analyses  where  the 
r'^xrks  are  seen  to  be  nearly  identical  in  compositicMi.     (See  an- 
alyses XVL  XVII,  XVIII.  XIX,  XX,  XXI,  XXII,  and  XXIII 
Table  A.; 

That  the  schistose  or  foliated  structure  is  entirel\-  secondary. 
resulting  from  pressure  metamorj^sm,  and  not  primary,  is 
plainly  manifested  in  the  thin  sections  of  these  rocks.  The 
^juaru  and  feldspar  grains  are  in\-ariably  rimmed  by  crushed 
zon';s  of  the  two  minerals:  the  quartz  extinguishes  insularly; 
'a:A  numerou?  lines  of  fracture  are  common  to  both  quartz 
^-Tvi  f';!rispar.  The  Lithonia  area  of  contorted  gneiss,  bow- 
•  .vr,  affords  but  slight  if  any  evidence  of  peripheral  shattering, 
.:.:^:;  V.V.fzVy  :n«licates  recr\->tallization  of  the  minerals  through 
^ rof^'/i '.rA  r: ^-tarr.orphi >m . 
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Chemical  Analyses  of  the   Lithonia  Contorted  Granite-Gneiss, 

DbKalb  County. 


I. 

II. 

III. 

SiOs 

76.00 

75.16 

72,96 

AlaOs 

13.11 

13.74 

14.70 

FcO,^ 

0.92 

0.91 

1.28 

CaO 

1.06 

0.91 

1.28 

MrO 

0.27 

0.17 

0.07 

KtO 

4.69 

5.05 

4.73 

NaaO 

3.88 

3.76 

4.18 

Ik2.. 

0.31 

0.32 

0.23 

Total         100.24  100.02  99.43 

I.    Biotite  granite-gneiss  from  the  Crossley  quarry,  near  Lithonia, 
Georgia. 

II.    Biotite  granite-gneiss  from  the  Arabia  Mountain  quarries  3  miles 
from  Lithonia,  Georgia. 

in.    Biotite  granite-gneiss  from  the  Southern  Granite  Co.'s  quarr}', 
near  Lithonia,  Georgia. 

Intrusive  nature  of  the  granites. 

The  evidence  of  the  igneous  origin  of  the  Georgia  granites 
is  essentially  the  same  as  for  similar  irruptive  acid  masses 
studied  elsewhere.  The  evidence  is  from,  (i)  field  rela- 
tions ;  (2)  chemical  composition ;  and  (3)  mineral  composition, 

/.     Field  relations, 

Stratigraphic  Features:  The  exposures  of  the  gran- 
ites in  the  field  point  to  rounded  or  elliptical  forms  common  to 
intruded  granite  masses.  The  two  granite  facies — porphyritic 
and  non-porphyritic — may  be  considered  as  one,  since  in  many 
of  the  granite  areas  the  porphyritic  structure  grades  peripher- 
ally, into  a  non-porphyritic  granite  facies  of  the  same  mineral 
and  chemical  composition,  and  are  from  necessity  of  the  same 
origin.  In  the  case  of  the  foliated  phases  of  the  granites,  the 
schistosity  is  not  co-incident  with  that  of  the  surrounding 
schist,  but  cuts  across  the  foliation  of  the  latter. 

Near  many  of  the  larger  granite-masses  well-defined  gran- 
ite dikes,  slightly  diflferent  in  texture  from,  but  of  the  same 
mineral  and  chemical  composition  as  the  mass,  occur,  which 
would  commonly  be  regarded  as  apophyses  in  case  the  rock  is 
regarded  as  eruptive.  [Plate  XXIV.]  These  dikes  or 
apophyses  project  outward  from  the  main  rock-mass  and  cut 
abruptly  into  the  adjacent  rocks.     A  chemical  analysis  of  spec- 

*  All  iron  estimated  an  FeaOa. 
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imens  xtlet-.terl  frvm  a  4i>foot  -iike  cutring  the  porphvrit:*: 
;4ranite-i4ne:.s.-;  near  'lamak  :n  "h^  Brlnklley  place,  jielder^  'ht 
Trrrer  -he  ::Ij:»v:n5  r-isu!t5 : 

Si^'j^..        »5>*.r»^ 

W-iiH  1»S..'54) 

Vt^^H ♦>.99 

CaO 2.72 

Mi*'} I.0«) 

Ma-|> *.d2 

K2O 3. TO 

Iznition  0.29 


Total  9V  08 

A  'I'ln-Dari.-Tii-n  of  this  analvsis  with  analvscs  of  the  nonnal 
-t-en-granular  granites  r-iveals  practically  no  ditterence.  The 
aciditv.  as  xill  be  observeti.  is  essentiallv  the  same. 

In  a<i<lit:<jn  to  the  quartz,  feiilspar  varieties  and  biodte,  tfcf" 
sections  showeti  inclusions  •:•!  apatite  and  zircQay  and  drop-like 
inclusions  •:-£  'luartz  and  te!«ispar  grains  in  the  larger  feldspar 
individuals.  al^Dng-  with  nxmded  liisks  of  nucropcgmatitic  inter- 
;^owth5  of  quartz  and  feiilspar.     [Plate  XXII,  figure  2.] 

Contact  phen'omexa  :  In  all  cases  where  contacts  of  the 
granitic  rocks  and  schists  were  visible,  they  were,  in  the  opin- 
i'^n  of  the  writer,  plainly  eruptive.  Althoogh  many  contacts 
have  been  examineil,  the\-  are  not  so  numeroos  as  might  be  ex- 
pected, on  account  of  the  deep  covering  of  residtxal  decav. 
The  line  of  contact  is  usually  sharp  and  somewhat  irregular  in 
the  I«jcai::ies  where  best  exposed.  Xo  con^ideraWe  contact 
rr.etamorphisn  of  the  surrounding  rocks  was  visible,  however, 
:n  any  exposure.  Since  the  surrounding  rocks  arc  eqnalb 
completely  cr/stalline,  as  a  result  of  profound  metamorphism. 
:in'/  considerable  alteration  would  hardily  be  expected.  Manv 
:rran:te  intmsii-ns  into  cnrStalline  rocks  showing  little  or  no 
:>n*-a:t  n".r:tarr.'jrphisni  have  been  observed  in  different  locali- 
•.[•t^  bv  various  writers.  None  of  the  commonlv  associated 
:  conta::  phenc-niena  are  Dresent  in  the  sections  exam- 


<    >  «*  A  '  ,    ' 


<1.  "i 


f 


■.r,^A  Ir.  -•  rr.-:  areas.  Lramets.  and  tourmaline  are  very  com- 
. . ^ r.  -, : :  * h  : : r  >: : .: rre r. : e  is  as  frequent  away  from  the  contact 
.-  '  .:r  :*  '-.:.  :  ar.r.:-:  :-  c>r.s:dere»i  a  result  of  contact  met- 
:.'.''/..:.  'it:  r.  'vrtween  tl.e  r.cks.  In  no  case  has  anv  definite 
vr<-\h^'\'.r,  :r  ,r.  :h-:  jlzA  ricks  into  the  schists  been  observed  in 
•-.  -  r.  !  !       :*  -      :.'.  :  ci^^   y.z  s:r:rc-''  'differentiated. 
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Basic  inclusions:  Another  form  of  evidence  strongly 
>ring  the  imiptive  nature  of  the  granitic  rocks  is  that  of 
usions  darker  in  color  and  considerably  more  basic  in  char- 
T  than  the  parent  rock,  met  in  many  of  the  masses.  It  has 
been  possible  to  distinguish  in  every  instance  between  in- 
iions  of  the  inclosing  rock  and  that  of  darker  material — 
ieren — ^basic  segregations  of  the  granite  magma.  In  the 
ority  of  cases,  the  darker  areas  plainly  represent  basic  seg- 
fiitions,  which  form  so  common  a  feature  of  slowly  solidify- 

granite  magmas.  They  are  especially  abundant  in  many 
he  quarries ;  are  darker  in  color  than  the  parent  granite  and 
sist  chiefly  of  biotite  with  subordinate  quartz,  orthoclase, 
^oclase  and  apatite,  with  no  evidence  of  foliation.  They  are 
aded  and  irr^fular  in  outline  and,  in  case  of  the  gneisses, 
n  lenticular  patches  and  bands  in  extreme  cases.  As  a  rule, 
r  are  finer-grained  in  texture  than  the  inclosing  rock,  but  in 
le  cases  they  are  coarser  cr}'stalline.  Inclusions  of  this 
racter  are  regarded  by  many  writers*  as  strong  evidence  of 
eruptive  origin  of  the  rocks  in  which  they  are  found. 
Pegmatitic  Dikes:  Closely  associated  pegmatitic  dikes 
varying  widtH  and  granitic  composition  are  numerous 
)Ughout  the  Plateau-crystalline  complex,  and  are  unques- 
ably  genetically  connected,  in  many  cases,  with  the  granite- 
;ses.  They  vary  from  those  of  granitic  composition  to 
e  quartz.  Under  this  heading  two  kinds  of  material  are 
Some  are  true  pegmatitic  intrusions,  while  others  are 
!  veins  of  segregation.    Both  are  common  to  the  porphyritic 

non-porphyritic  granite  facies  and  to  the  gneisses,  and  are 
ally  characteristic  of  each.  They  are  characterized  by  the 
al  coarse-grained  structure  and  consist  almost  exclusively 
ustrous,  cleavable  pink  and  white-tinted  feldspar  with  some 
rtz,  and  a  much  smaller  proportion  of  biotite,  and  occasional 
»covite.  [Plate  XXIII. ]  In  many  cases  they  are  very  extcn- 
:  and  deep-seated,  while  in  others  they  are  very  limited  in 
mt  and  are  entirely  surrounded  by  the  granitic  rock.  They 
ver}*  irregular  in  outline,  conforming  to  no  uniform  orien- 
Du,  but  cut  the  rock  in  numerous  directions  and  at  various 
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angles.  Thin  sections  of  several  of  these  masses  show  micro- 
cline,  orthoclase  and  plagioclase  feldspars,  with  occasional 
microperthitic  structures,  a  few  shreds  of  biotite  and  some 
quartz.  Hand  specimens  of  others  showed  nearly  equal  pro- 
portions of  feldspar  and  quartz  with  occasional  biotite  plates. 

2.       CHEMICAL  COMIH^SITION. 

The  following  analyses  give  a  good  idea  of  the  range  in 
composition  of  the  granitic  rocks  described  above.  These  anal- 
yses present  several  points  of  interest,  chief  among  which  ma*:' 

A.    TABLE  OF  CHEMICAL  ANALYSES. 


Granites. 

I 

m 

Ill         IVJ        V 

v« 

Vim 

VIII 

Stone 

Lexing:- 

Green-    08:le8bv  Campbell  Blber- 

Coweta 

Merlw'r 

Mt. 

ton 

ville                        county 

ton 

county 

cooBty 

Si02 

72.56 

69.95 

69.88     69.86     69.55 

69.17 

68.98 

63:27 

AlaOs' 

14.81 

16.08 

16.42     16.98     16.72 

16.54 

16.90 

19.93 

FeaOs* 

0.94 

1.21 

1.96        1.31        0.99 

1.38 

1.25 

2.82 

CaO 

1.19 

2.38 

1.78        1.99        1.69 

1.99 

2.28 

2.89 

MgO 

0.20 

0.56 

0.36        0.51        0.27 

0.45 

0.90 

0.49 

K3O 

5.30 

5.07 

5.63        5.04       3.94 

4.66 

4.72 

4.85 

NaaO 

4.94 

4.84 

4.45       4.77       5.88 

4.60 

4.98 

4.14 

Igni. 

0.70 

0.77 

0.39       0.36       0.27 

0.41 

0.62 

0.86 

Total 

100.64  100.86   100.87   100.82     99.31 

99.20 

100.63 

99.25 

Sp.  Gr. 

2.684 

2.666 

2.662     2.663     2.658 

;     2.65€ 

»     2.694 

2.739 

PoRpHVRiTic  Granites. 

1 

IX 

X 

XI             XII 

5cim 

XIV 

XV 

Kaycttc 

Pike 

Columbia    Baldwin    Sparta 

Fulton 

Ofccne 

County 

County 

County       County 

Conn t J 

County 

Si02 

70.38 

V0.24 

69.77        69.37        69.33 

69.17 

69.13 

AI2O8' 

15.86 

16.78 

17.05       16.99       16.26 

16.47 

17.14 

FcaOa* 

1.77 

1.46 

1.60          1.99 

1.84 

1.23 

1.52 

CaO 

1.79 

2.00 

2.21          2.03 

2.28 

2.02 

1.85 

MgO 

0.93 

0.76 

0.99          0.84 

0.36 

0.61 

0.79 

K3O 

4.64 

5.03 

4.08          4.54 

4.56 

4.41 

5.49 

Na20 

3.94 

3.70 

3.97          3.44 

5.07 

4.89 

4.06 

Igni. 

0.49 

0.50 

0.44          0.55 

0.42 

1.06 

0.52 

Total 

99.80 

100.47 

100.11        09.75     100.12 

99.86 

1(H).50 

Sp.  Gr. 

2.659       2.674        

1  iron  estimated  as  Fe203. 

2.675 

•  Al 

t  Average  ol 

3  aiiHlvses  representing  different  quarrien. 

V 

•  •          t» 

5 

• .                     «« 

•• 

^ 

•  t          .t 

3 

tt                     t( 

ti 

r 
1 

1 1          t  > 

3 

•  t                     1  * 

•t 

ti 


•  I 


3 


K 


t* 


'  Contains  traces  of  p205.Ti()2  and  ZrOa  when  preient.  With  scTcr- 
al  exceptions,  the  nsnal  qualitative  test  failed  to  indicate  the  presence 
of  TiOo  in  the  Georgia  acid  rocks.  F2O5  and  Zr02  arc  itiTariably  present 
in  small  microscopic  proportions  as  prismatic  inclupions  of  apatite  and 
Zircon. 
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Gneisses. 

XVI       XYII    XYIII     XiX       XX°  XXI      XXII  XXIII 

lAcriw'r  Gwinnett  Rockdale  Heard  Lithonia  Coweta  Newton   Clarke 

County    County    County   County  County   County  County 

76.37     75.86     75.46     74  96     74.70  73.95     71.20  69.51 

13.31     14.02     13.71     13.71     13.85  14.23     15.46  16.32 

1.21        0.71       0.92       0.90       1.03  1.29       1.17  2.38 

1.13       0.70       0.94       1.02       1.08  1.07       1.36  1.84 

0.10       0.12       0.18       0.24       0.17  0.23       0.38  1.28 

3.68       5.56       4.30       4.79       4.82  5.29       5.30  3.47 

4.02       3.64       3.87       4.68       3.94  4.61       4.96  3.82 

0.20       0.28       0.40       0.44       0.28  0.25       0.52  1.11 


100.02  100.89     99.77  100.74     99.87  100.92  100.30  99.73 

2.642     2.642     2.643     2.648     2.686     

B.    MOLECULAR  RATIOS  OF  THE  OXIDES. 

Granites 

I            II          III          IV           V           VI         VII  VIII 

1.209     1.165     1.164     1.164     1.159     1.152     1.149  1.054 

.145        .156        .160        ,164        .163        .160        .164  .195 

.005       .007       .012       .008       .006       .008       .007  .017 

.021        .042        .032        .035        .030        .035        .040  .051 

.005       .014       .009        .012        .006       .Oil        .022  .012 

.056       .053       .059       .053        .041        .049       .050  .051 

.079        .078       .071        .076       .094       .074       .080  .066 

.135       .131        .130        .129       .135       .123        .130  .117 

PoRPHYRiTic  Granites 

IX             X             XI           XII         XIII         XIV  XV 

1.181        1.170        1.162        1.156        1.155        1.152  1.152 

.155          .164          .167          .166          .157         .163  .168 

.011          .009          .010          .012          .Oil          .007  .009 

.032          .035          .039          .036          .040          .036  .033 

.023          .019          .024          .021          .009          .015  .019 

.049          .053          .043          .048          .048          .047  .058 

.063          .059          .064          .055          .081          .078  .065 

.112          .112          .107          .103          .129          .125  .123 

GbANITB-<7NEIS8ES 

XVI      XVII    XVIII     XIX       XX        XXI      XXII  XIII 

1.272     1.264     1.257     1.249     1.245      1.132     1.186  1.158 

.130        .137        .134        ,134        .134        .139        .151  .160 

.007        .004        .005        .005        .006        .008        .007  .014 

.020        .012        .016        .018        .019        .019        .024  .029 

.002        .003        .004        .006        .004        .005        .008  .010 

.039        .059        .043        .050        .051        .026        .056  .044 

.064        .058        .062        .075        .063        .074        .080  .070 

.103        .117        .107        .125        .114        .110        .136  .114 

1  iron  estimated  as  PeaOs. 

reraf^e  of  3  analyses  representing  differef.t  qtiorries. 

>ntains  traces  of  PaO«.  TiOa  and  ZrOa  wht-n  pit-sent.  With  sever- 

Dtions,  tbensaal  qaalitative  test  failed  t«)  inflicnte  the  presence 

in  the  Crcorf[\eL  acid  rocks.  PaOg  and  ZrOa  '^rt*  invariably  present 

I  microscopic  proportions  as  prismatic  inclusions  of  apatite  and 
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be  mentioned  their  marked  uniformity  or  very  close  agree- 
ment throughout  for  the  three  rock  phases.  A  disting^shing 
feature  is  their  relatively  high  percentage  of  Na^O,  which  b 
observed  to  be  above  the  average  for  normal  granites.  The 
percentages  of  Na.O  and  KjO  approximate  nearly  equal 
amounts  in  a  majority  of  the  analyses,  but  in  many  the  K,0 
exceeds  the  NaoO,  while  in  others  the  Na^O  is  in  considerable 
excess  over  the  KoO.  The  high  Na^O  in  the  Georgia  granites 
is  traceable  to  three  sources :  ( i )  the  presence  of  comparatively 
appreciable  amounts  of  single  laths  of  an  acid  plagioclase ;  (2") 
the  abundance  of  microperthitic  intergrowths  of  the  potash 
feldspars  with  a  second  feldspar,  probably  albite;  and  (3)  in 
the  potash  feldspar  varieties,  a  part  of  the  potassium  is  re- 
placed by  sodium.  See  analysis  on  page  209.  The  general 
high  range  in  total  alkalies — NaoO+KoO — is  a  very  note- 
worthy feature  in  the  analyses.  The  general  average  for  total 
alkalies  is  from  8.79  per  cent,  in  the  gneisses  to  9.44  per  cent. 
in  the  granites. 

For  tlie  sake  of  ready  comparison  the  following  p>ercentage3 
obtained  from  the  average  of  21,  10  and  12  analyses,  respect- 
ively, of  the  normal  granites,  porphyritic  granites  and  granite- 
xrneisse.s  arc  hereby  tabulated  : 

SiOj  AbOs  PesOs  M|i:0  CaO  NaaO  K9O 

Normal  granites 69.67  16.63  1.28  0.55  2.16  4.73  4.71 

Porphvritic  granites    69.28  16.73  1.75  0.72  2.13  4.33  4.59 

Granite-gneisses 73.76  14.52  1.03  0.29  1.14  4.16  4.63 

No  appreciable  (lifterencc  is  noted  in  any  one  of  the  seven 
constituents  in  case  of  the  normal  granites  and  their  equiva- 
lent pori)hyritic  fades,  but  a  comparison  of  the  analyses  of  the 
cj^ranite-^nieissos  with  those  of  the  granites,  discloses  several 
interciiting  ditTcreiices  among  the  more  important  constituents. 
An  incrca.^.ed  percentage  of  alx)ut  4  per  cent,  in  the  SiO-.  and 
.xmicwliat  ivt^ular  corn*spon<ling  decreased  percentages  in  the 
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AI2O3  and  CaO,  and  to  a  less  degree  in  the  FegOy  and  MgO 
over  the  two  granite  fades,  are  shown  in  the  granite-gneisses ; 
while  the  alkalies — Na^O  +  K^O — remain  very  uniform  and 
constant  for  the  three  rock  phases. 

It  will  be  further  observed  from  an  examination  of  the  tabic 
of  individual  analyses,  that  with  one  or  two  exceptions  the 
Georgia  granitic  rocks  are  normally  acid  granites,  showing  a 
general  average  of  approximately  70  per  cent,  in  SiOj,  while 
the  percentages  of  iron  and  magnesia  are  somewhat  below  the 
general  average  for  normal  granites. 

The  molecular  ratios  of  the  oxides  given  above  show  a 
tendency  in  the  AljOj,  FcjOa  ^md  CaO  to  graduall}'  increase  as 
the  SiOj  decreases  for  the  three  rock  phases.  The  gradual 
rise  in  AljOj  with  decreasing  SiOj  is  well  illustrated  in  the 
case  of  the  granite-gneisses.  The  table  of  molecular  propor- 
tions further  shows  the  alkalies  in  sum  total  remain  fairly  con- 
stant with  only  slight  variation. 

These  statements  would  seem  to  indicate,  that  no  absolute 
relation  exists?  between  the  AljO,,  SiOj  and  alkalies,  since  the 
tendency  is  for  the  AlaOs  to  increase  as  the  SiOo  decreases, 
while  the  NajO  +  KjO  remain  approximately  the  same. 

3.      MINERAL  COMPOSITION. 

From  the  preceding  descriptions,  the  Georgia  j:c^»'i»itic  rocks 
are  seen  to  be  made  up  of  mixtures  of  the  essential  minerals, 
quartz,  feldspar  and  biotite,  with  varying;  amounts  of  mus- 
covite  intimately  associated  with  the  biotite.  The  potash  feld- 
spar varieties  predominate ;  and,  in  two  cases,  biotite  is  sub- 
ordinated to  muscovite.  The  entire  absence  of  hornblende  in 
these  rocks  is  a  marked  feature.  Besides  these,  the  usual  ac- 
cessory minerals  common  to  granite  rocks  in  general,  occur, 
and  have  already  been  mentioned.  The  relative  proportions 
of  the  essential  minerals  in  the  granites,  excepting  the  Stoiii^ 
mountain  type,  may  be  expressed  thus:  Feldspar  including  all 
varieties  present  >  quartz  >  biotite  >  nuiscovite.  For  Stone 
mountain  the  proportions  become :  feldspar  >  quartz  >  nuis- 
covite >  biotite. 

There  is  nothing  especially  noteworthy  about  the  bulk  "f 
the  minerals  present  in  the  Georgia  acid  rocks,  :ind  therefor-. 
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they  do  not  rcr[uirt:  extended  details  further  than  given  under 
the  descriptions  of  the  various  granite-types.  There  are  sev- 
eral minerals  present,  however,  which  from  their  associat»B 
and  conditions  of  environment  require  further  descripticos. 
These  are  microcline  and  muscovite. 

The  prevalence  of  intergrowths  with  a  second  feldspar 
common  to  the  three  rock  phases,  in  case  of  orthoclase  and  to 
some  degree  microcline.  in  the  form  of  microperthitic  struct- 
ures, has  already  been  remarked  on  under  the  descriptions  of 
the  individual  types. 

Microclink:  Hie  abundance  of  feldspar  g^rains  showing 
the  characteristics  cross-grating  structure  is  a  striking  featuie 
in  most  thin  sections  of  the  Georgia  granites.  The  twinning 
lamella:  thin  out  in  many  cases,  and  do  not  always  show  perr 
fectly  parallel  sides.  Crystals  are  often  met  in  which  the 
microcline  structure  is  developed  in  only  a  part  of  the  individu- 
al and  entirely  failing  in  the  other  parts,  leaving^  the  untwinned 
area  optically  indistinguishable  from  orthoclase.  These  granites 
have  been  subjected,  as  elsewhere  shown,  to  intense  dynamo- 
mctamori)hism,  which  fact,  coupled  with  the  prevalence  of  this 
feldspar,  affords  strong  indications  of  a  part  of  this  mineral 
having  ac(|uircd  its  structure.  A  part  of  the  microcline  is  un- 
questionably primary.  Similar  conditions  are  recorded  in 
granite  masses  in  different  legalities  by  various  writers.* 

Mcscovitk:  Since  the  (Kcurrcnce  of  primary'  muscovite 
in  an  eruj)tive  granite  has  been  questioned,  it  is  of  interest  to 
note  a  similar  occurrence  of  this  constituent  in  many  of  the 
Georgia  granites  to  that  observed  by  Keyesf  in  some  of  the 
Maryland  granites,  where  primary  origin  affords  the  best  ex- 
])lanation.  In  many  of  the  Georgia  granite  areas,  especially 
the  Oglesby-Lexington  dark  blue  granite  area,  large  and 
sharply  lK»undcd  plates  of  fresh  appearing  muscovite,  are  dis- 
tributed through  the  rock  in  intimate  association  with  the  bio- 
tite.  The  two  micas  are  frequently  grouped  together  as  aggre- 
gates in  which  the  individuality  of  the  separate  crystals  is  well 
lireservc-d.  They  not  infrequently  fomi  parallel  intergrowtlis, 

•  Kkvks.  C.  K..  15th  Ann'l  Kept.,  T.  S.  G.  &\,  1898-94.,  pp.  711-712. 

Von  KiN.NB,  Nkiiks  Jaiikb,  it,  181M>,  pp.  66-70.  1 

TiKi'TKi.i.K,  Zkitschk.  f.  Krvst,  viii,  p.  373.  I    rk*,^4-^A  h«  v.i»«- 

Saukk  &  U8»IN(J.  Ibid,  xviii.  1891,  p.  106.  f   U"®^*"  "^  K.cyc«. 

ItKor.GKR.  Ibid,  xvi,  1.S90,  p.  r>61.  | 

■\  KKVits.  C.R.,  loth  Ann'l  Rcpt.,  V.  S.  G.  S..  1893-94,  pp.  703-704>. 
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and  at  times  the  distinctly  bounded  muscovite  plates  penetrate 
and  cut  across  the  biotite  foils  at  various  angles.  The  relations 
of  the  two  micas  to  each  other,  very  strongly  point  to  contem- 
poraneous cr\'stallization  of  the  two  minerals.  The  large  shreds 
of  supposed  primar}'  muscovite  are  in  marked  contrast  in  the 
same  section  to  the  muscovite  of  known  secondary  origin  asso- 
ciated with  kaolin,  and  resulting  from  feldspathic  alteration. 
The  cleavage  lines  are  less  distinct,  and  the  muscovite  presents 
greater  irregularity  of  outline  in  case  of  the  mineral  of  sec- 
ondary origin.  Still  another  portion  of  the  muscovite  in  a 
part  of  the  Georgia  rocks  has  developed  as  a  result  of  dynamo- 
metamorphism,  and  it  is  not  always  easy  to  distinguish  between 
this  and  the  same  supposed  primary  constituent. 

The  marked  similarity  in  mineral  composition  of  the  gran- 
ites and  gneisses  is  plain  from  the  above  descriptions.  No 
mineral  is  found  in  one,  that  does  not  occur  in  the  other;  and 
those  minerals  most  abundant  in  one  predominate  in  the  other. 
Their  mineral  composition  conforms  in  every  essential  to  that 
of  known  igneous  granites  occurring  elsewhere.  They  are 
composed  of  minerals  which  most  commonly  make  up  the 
masses  of  normal  eruptive  granite.  Not  a  single  mineral 
among  the  list  of  primary  and  essential  ones  are  included  in 
the  three  rock  phases,  that  does  not  characterize  an  igneous 
granite.  The  essential  minerals  are  present  furthermore,  in 
the  usual  proportions  common  to  such  rocks.  The  rock  types 
studied  are  entirely  free  from  such  minerals  as  staurolite,  and- 
alusite,  cordierite  and  kyanite,  frequently  characteristic  of 
sedimentaries.  Garnet  is  sparingly  present  in  some  of  the 
granites  and  becomes  very  abundant,  in  places,  in  a  part  of  the 
gneisses,  but  it  is  unquestionably,  in  these  cases,  a  product  of 
metamorphism,  and  is  as  readily  produced  by  such  action,  in 
igneous  rocks,  as  in  sedimentaries. 

Hardly  without  exception,  the  thin  sections  of  these  rocks 
disclose  an  abundance  of  ovals  or  rounded  disks  of  micropeg- 
matitic  structures — ^intergrowths  of  feldspar  and  quartz — 
which  from  their  nature,  in  this  case,  are  unquestionably  re- 
ferred to  a  primary  product  of  the  magma,  and  therefore  rep- 
resent simultaneous  crystallization  of  the  quartz  and  feldspar. 

Weathering:  Not  only  are  the  three  phases  of  granitic 
rock  alike  in  the  above  respects,  which  are  in  accord  with  sim- 


] 


222  The  American  Geologist.  Apriu  19««l 

ilar  rocks  of  igneous  origin,  but  the  form  and  manner  of  weath- 
ering are  those  of  igneous  rocks.  The  more  perfectly  banded 
phases, — gneisses — weather  in  process  and  topographic  outline 
closely  similar  to  the  massive  granites.  The  chemical  and 
physical  processes  involved  in  the  disintegration  and  decom- 
position of  these  rocks  are  the  same,  and  are  described  and  dis- 
cussed elsewhere.* 

Resume:     From  the  preceding  facts,  there  can  apparend) 
be  little  question  as  to  the  origin  of  the  granites  and  their  band- 
ed equivalents.     The  rocks  appear  like  eruptives  in  the  field. 
The  clastic  grains,  when  present  and  seen  in  thin  sections  of 
the  foliated  phases — gneisses — are  evidently  dynamic  in  ori- 
gin; all  arc  sharply  angular,  and  none  have  the  outline  of 
water-worn  grains.   The  structure  of  the  gneisses  is  similar  to 
that  of  like  rocks  occurring  elsewhere,  and  shown  to  be  meta- 
morphosed  eruptives.     Therefore,    since   they   conform   with 
such  regularity  in  mineral  and  chemical  composition,  and  field 
evidences  as  well,  to  the  massive  granite  type,  there  can  be  no 
reason  for  believing  them  to  be  anything  but  altered  igneous 
rocks.     No  evidence  of  any  kind  is,  at  present,  apparent  to 
support  the  belief  that  the  gneisses  so  far  studied  are  water- 
deposited  sediments,  subsequently  recrystallized  by  metamor- 
phic  processes. 

As  to  the  origin  of  the  massive  granites  and  their  equi\'a- 
Icnt,  porphyritic  phases,  there  can  be  no  doubt. 

Structiral  features :  The  structural  phases  of  the  var- 
ious granite  types  have  already  been  noted.  Joint  planes  arc 
very  common  in  many  of  the  larger  masses  and  are  as  a  rule, 
only  slightly  developed  in  others;  and  they  traverse  the  rock 
with  great  regularity.  They  may  conform  to  several  different 
directions  but  usually  they  have  uniform  directions  over  the 
entire  region.  The  l>est  developed  ones  have  nearly  due  east- 
west  and  north-south  courses,  approximating  in  some  quarries 
northwest-southeast  directions.  Considerable  subsequent 
movement  in  the  granite-masses  is  manifested  in  many  of  tlie 
larger  quarric-s.  in  pronounced  slicken-sided  surfaces  of  the 
joint  planes.     Tlic  slickened  surfaces  are,  as  a  rule,  coated  with 


^  Kent]  »)y  titU-  at  the  Albany.  N.  Y.,  meeting:  of  the  Gcologicsti  St>e.  ofAmcr.. 
nut]  prcsciitcil  in  abstracted  form  by  Dk.  (tKo,  V.  Mbbrii.i«. 

A  priliniinary  re[M)rt  <in  the  jj:ranites  and  Knciasct  of  GeOfgia^T  T.  L. 
Wat<(>n,  (jt'itl.  Siir.  ol  it;i..  in  i)ress.  ^§ 
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a  moderately  thick  veneering  of  perfectly  smooth,  somewhat 
yellowish-colored  sericitic  material,  frequently  more  or  less 
grooved  and  striated  from  the  movement. 

Two  sets  of  intersecting  material  differing  widely  in  texture 
and  mineral  composition,  and  in  origin,  are  common  to  the 
granitic  rocks.  These  are :  ( i )  True  granite  dikes,  which  vary 
in  width  from  a  few  inches  to  many  feet,  cutting  the  rocks  in  a 
nearly  vertical  position ;  are  dark  blue  in  color,  and  fine  even- 
granular  in  texture;  and  are  composed  of  the  same  minerals 
in  the  same  proportions,  and  have  the  same  chemical  composi- 
tion as  the  even-granular  granites.  [Plate  XXIV.]  Since 
this  class  of  intersecting  material  is  not  found  in  the  more  mas- 
sive adjacent  granites  it  is  regarded  in  the  nature  of  apophyses 
from  these  massifs.  (See  page  214  for  chemical  analysis.) 
(2)  True  pegmatitic  dikes  and  veins  of  variable  dimensions  are 
common  to  the  three  rock  phases  and  are  composed  of  coarsely 
crystallized  feldspar  and  quartz,  with  varying  small  propor- 
tions of  the  two  micas,  biotite  and  muscovite.  [Plate  XXII.] 
These  arc  described  in  some  detail  on  page  215. 

AGE  RELATIONS  OF  THE  GEORGIA  GRANITIC  ROCKS. 

No  sedimentary  rocks  whose  age  is  definitely  known  occur 
in  the  Plateau-crystalline-complex  to  admit  of  the  definite  de- 
termination of  the  age  of  the  granites.  In  the  absence  of  such, 
we  can  only  hope  to  arrive  at  their  relative  ages  by  careful 
study  of  the  contacts  and  the  relative  amounts  of  dynamic  met- 
amorphism  the  rocks  have  suffered.  A  careful  field  examina- 
tion of  the  granitic  rocks  in  the  Plateau  region  of  the  state, 
shows  considerable  contrast  in  the  amount  of  foliation  or  band- 
ing secondarily  induced  by  pressure.  All  thin  sections  of  the 
rocks  studied  showed  some  evidence  of  dynamo-metamorphism. 
This  evidence  is  detailed  above.  The  strongly  banded  gneisses 
differ  from  the  massive  phases  of  the  rocks,  simply  in  the  pro- 
nounced schistose  structure.  In  some  areas  of  the  massive 
granites  an  imperfect  partial  gneissoid  structure  is  visible, 
which  becomes  rather  noticeable  in  the  Stone  mountain  area. 

While  no  case  has  been  observed  in  the  field,  where  the 
highl}^  contorted  gneissoid  phase  was  defiTiitely  traced  into  the 
massive  type,  owing  perhaps,  if  they  exist,  to  lack  of  exix)sures 
there  are  a  few  areas  where  conditions  very  strongly  point  to 
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such  gradation.  Hayes*  has  described  an  extensive  porph}- 
ritic  granite  area  near  the  Cartersville  fault  in  Bartow  county, 
Creorgia,  in  which  the  gradation  from  partially  massive  to  a 
highly  schistose  granite  is  plainly  visible.  The  stratigrapUc 
relations  of  this  igneous  mass,  to  the  surrounding^  sedimentaries 
of  known  age,  cannot  be  mistaken,  and  Hayes  has  shown  the 
intrusive  granite,  subsequently  rendered  highly  schistose  from 
intense  pressure  mctamorphism,  to  be  pre-Gambrian — Archaean 
— in  age. 

There  appears  to  be,  however,  in  most  cases  a  sharp  line  of 
demarkation  between  the  massive  and  slightly  gneissoid  gran- 
ites, and  the  extreme  foliated  gneisses.     In  many  areas  where 
the  schistose  and  massive  granites  occur,  a  part  of  the  gneisses 
are  cut  by  true  granite  dikes  having  the  same  mineral  and 
chemical  composition,  as  the  massive  g^nites,  which  they  re- 
semble in  every  respect.     As  elsewhere  stated,  the  dikes  are  re- 
garded as  probable  apophyses  from  the  massive  t^-pe  of  rocks. 
If  then  schistose  structure  secondarily  induced  or  degree  of 
metamorphism  be  taken  as  an  index  to  age  relationship,  in  the 
case  of  the  Georgia  granitic  rocks,  and  accepting  the  evidence 
so  strongly  pointing  to  igneous  origin  for  the  highly  banded 
gneisses,  at  least  two  different  periods  of  intrusion  of  closely 
similar  acid  material  are  represented.     The  quer>'  naturally  fol- 
lr>ws  then  whether  all  of  these  rocks  have  originated  from  the 
same  parent  magma  ?t    Chemical  and  mineralog:ical  composi- 
tion more  than  suggest  such  condition. 

A  very  close  relationship  in  mineral  and  chemical  composi- 
tion is  observed  in  the  Georgia  granites  to  similar  rocks  exist- 
ing to  the  north  in  the  Atlantic  Coast  region.  Kemp,t  after  a 
careful  study  of  our  present  knowledge  of  the  Atlantic  Coast 
granites,  has  emphasized  the  great  predcwninance  of  mica- 
granites,  especially  the  biotitic  types  over  others;  and,  with 
other  investigators§  has  remarke<l  their  definitely  known  in- 
truded character  at  different  geological  periods.  Keyes^  re- 
marks in  his  studies  of  a  part  of  the  Maryland  g^nites :  "Certain 

*  Hayrs.  C.  W..  Trans.  Amer.  Inst.  Min.  Engrs.^  Washington  ntcctinf. 
February,  lOOO. 

+  Krmp,  J.  v.,  BitUctin  Geol.  Soc.  America,  1899.  toI.  x,  p.  382. 

X  IHID,  pp.  378-382. 

S  Williams,  G.  H.,  15th  Ann*l  Rcpt.,  V.  S.  G.  5.,  1893-94,  pp.  663-670.  Di. 
Williams  reviewH  the  distribution  and  relative  ages  of  igneous  ipranitcs  in  ttc 
Appalachian  Crystallise  belt  and.  fii'ven  numerous  tnbliognphic  references 
thereto. 

«;  Krybs.  C.  R..  ISth  Ann'iRept.,  V.  S.  G.  S.,  1893-94.  p.  733. 
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it  is  that  the  acid  eruptives  [granites]  were  among  the  last 
igneous  intrusions  to  disturb  the  rocks  of  the  eastern  Piedmont 
Plateau."  The  same  author  states  in  a  preceding  sentence, 
that  the  granite  may  have  been  intruded  as  late  "as  the  last 
great  disturbance  of  the  region  preceding  the  Appalachian 
uplift." 

After  a  study  of  the  Newark  rocks  of  the  "Richmond  basin** 
in  Virginia,  Shaler  and  Woodworth,*  in  commenting  on  the 
age  of  the  underlying  rocks  or  "fundamental  plexus",  including 
granites  and  gneisses,  say,  "they  probably  date  to  Laurentiaii 
or  Huronian  time."  (p.  418).  And  again  on  page  421  of  the 
same  report,  the  authors  say,  "The  age  of  these  rocks  [granites 
and  gneisses]  is  not  locally  determinable."  The  granites  and 
gneisses  of  this  area  were  grouped  by  Rogerst  as  Archaean. 

Field  and  laboratory  study  of  the  granitic  masses  in  the 
Georgia  area  certainly  indicate,  that  they  were  not  all  con- 
temporaneous in  origin.  Scwne  of  them  are  pre-Cambrian, 
while  others  may  possibly  be  later  in  age.  The  youngest  acid 
intrusives  could  not  have  been  later  however,  if  as  late,  which 
appears  improbable  from  the  existing  facts  and  conditions,  as 
the  last  great  Appalachian  disturbance  or  uplift. 

Whatever  age  or  ages  be  assigned  the  granites  of  this  reg- 
ion, it  is  certain  that  the  most  massive  types  of  the  rocks  exhibit 
strong  proofs  of  mechanical  strain,  which  indicates  that  since 
the  intrusion  of  the  last  granites  the  region  has  suffered  pro- 
found metamorphism. 


AMORPHIC  FORMATIONS  OF  NORTHWEST- 
ERN CALIFORNIA. 

Bj  Oscar  H.  Hbbshbt,  Berkeley,  Cal. 
INTRODUCTION. 

That  portion  of  the  Klamath  mountains  lying  west  of 
Shasta  county,  California,  is  not  quite  a  terra  incognita  to  geol  - 
ogists,  as  it  was  visited  by  one  of  Whitney's  exploring  expedi- 
tionst  and  has  since  been  partially  studied  by  Diller,§  Fair- 
banks, II  Anderson  and  the  writer;  but  all  that  has  been  written 

*  ^ 9th  AanuMi  Report,  U.S.Geol.SurveY,\S97-9S  (1899)  Pt.ii.  pp.  385-515. 

t  OeologT  of  the  Virginias,  1884. 

i  GeologlcaJ  Surrey  of  CaH/brniM,  vol.  i. 

I  Fourteenth  Annual  Report,  U.  S.  Geol.  Sur.  pp.  4-03-44.'^. 

1  BnOetin  of  the  Geological  Society  ol  America,  vol.  vi.  pp.  71-101. 
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about  it  was  of  a  rather  desultory  cbaractery  hardly  calculated 
to  give  one  a  comprehensive  and  correct  knowledge  of  its  geol- 
ogy. The  present  writer  has  been  engaged  in  prospecting 
for  the  precious  metals  in  the  Klamath  regi<m  for  nearly 
two  years,  during  which  many  sections  of  the  territory  have 
been  traversed  and  although  there  was  not  carried  on  a  sys- 
tematic study  of  any  particular  geological  problems,  it  has 
resulted,  it  is  believed,  in  the  accumulaticm  of  sufficient  knowl- 
edge of  the  structural  relations  of  the  formations  of  that  re- 
gion to  make  possible  a  classification  of  the  metamorphic  rocks. 

DESCRIPTION  OF  FORMATIONS. 

The  pre-Cretaceous  rocks  of  the  entire  Klamath  mountain 
region  (aside  from  the  eruptives  occurring  in  batholiths  and 
dikes  and  unquestionably  of  an  intrusive  character)  may  be 
classified  into  seven  g^eat  formations  as  in  the  following  table 
which  represents  their  structural  positions  although  not  nec- 
essarily their  age  relations: 

1.  The  Upper  Slates  or  Bragdon  formation. 

2.  The  Greenstone  or  Clear  Creek  formation. 

3.  The  Lower  Slate  Series 

4.  The  Hornblende  Schist  or  Salmon  formation. 

5.  The  Mica  Schist  or  Abrams  formation. 

6.  The  Serpentine  or  Trinity  formation. 

7.  The  Gabbro  or  Tamarack  formation. 

The  structural  relations  and  age  of  the  serpentine  consti- 
tute the  great  problem  in  the  geolog>'  of  the  Klamath  region. 
In  the  Coast  range  region  a  petrographically  similar  serpen- 
tine is  an  altered  peridot>'te,  unquestionably  intrusive  in  the 
Franciscan  scries,  of  an  age  at  least  not  earlier  than  the 
Jurassic;  but  in  the  Klamath  region  I  cannot  find  the  same 
evidences  of  the  serpentine  being  intrusive  in  the  metamorphic 
sedimentaries.  The  subject  is  a  complex  one,  and  requires 
further  field  work  for  its  solution ;  hence,  in  this  paper  I  shall 
confine  my  attention  to  the  schists,  slates  and  associated  forma- 
tions. 

The  Abra',ns  mica  schist. — Large  bodies  of  schists  of  a 
prominently  micaceous  character  are  not  of  common  occur- 
rence in  the  rocks  of  the  Klamath  region  except  as  constitut- 
ing a  sini^le  well-defined  f<^rmation,  for  which  from  its  relations 
to  neighbc»ring  terranes  being  best  worked  out  in  the  upper 
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Coffee  Creek  region,  I  propose  the  name  of  the  Abrams  post- 
office  of  that  section.  It  is  composed  of  thin  folia  of  muscovite 
of  dull  colors,  such  as  gray,  light  brown,  yellow  and  dull  red, 
separated  by  irregular  layers  of  white  quartz,  representing 
the  original  laminae.  Throughout  it  is  very  highly  siliceous  and 
doubtlessly  portions  of  it  would  by  some  be  called  mica- 
ceous quartz  schist.  In  certain  belts  the  silica  predominates 
to  such  an  extent  as  to  cause  it  to  outcrop  like  great  veins  of 
very  glassy,  white  and  dark  blue  quartz.  The  relatively  great 
amount  of  this  primary  quartz  is  particularly  characteristic  of 
this  formation.  There  are,  also,  in  places  thin  folia  of  hard 
blue  crystalline  limestone,  sometimes  thickening  and  clearing 
to  a  beautiful  white  marble.  The  foliation  of  the  formation  is 
parallel  to  the  top  and  bottom  and  in  general  to  the  original 
lines  of  stratification. 

This  particular  schist  formation  occurs  in  a  long  narrow 
belt  bounding  the  great  serpentine  area  of  northeastern  Trinity 
county  on  the  west.  Beginning  somewhere  in  Siskiyon  coun- 
ty, west  of  Callahan,  it  runs  continuously  in  a  southerly  direc- 
tion across  the  valley  of  Coffee  creek,  the  head  of  the  south 
fork  of  Salmon  river,  and  thence  through  the  mountains  just 
a  little  west  of  Weaverville.  From  here  its  course  is  south- 
easterly in  conformity  with  the  strike  of  all  formations  in 
southern  and  western  Trinity  county.  The  canon  of  Weaver 
creek  is  cut  principally  into  it  and  it  is  finely  exposed  along 
Trinity  river  near  Douglas  City.  From  here  southward  it 
widens  out  into  a  belt  several  miles  in  width  and  constitutes 
the  mass  of  Bully  Choop  mountain,  on  the  southern  slope  of 
which  it  sinks  beneath  the  Cretaceous  formations  of  the  Sac- 
ramento valley. 

In  the  southern  portion  of  this  schist  belt  it  appears  to  be 
folded  into  at  least  two  main  anticlines  along  the  axes  of  which 
serpentine  outcrops  in  the  form  of  narrow  belts  constituting 
the  so-called  dikes.  I  wish  particularly  to  call  attention  to  the 
fact  that  serpentine  is  commonly  associated  with  this  mica 
schist  formation.  The  normal  succession  of  the  strata  in  the 
direction  of  the  dip  is  invariably  serpentine,  mica  schist  and 
liomblende  schist. 

Another  narrow  north-south  belt  of  mica  schist  crosses  the 
south  fork  of  Salmon  River  valley  at  the  village  of  Cecilville. 
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Ffere  it  :s  houniiefi  'Mi  the  east  by  the  j^eat  hombiiesBdc  adnaC 
fijrmarion  and  alunc;'  its  -vest  horricr  «jcair3  a.  oarrn^r  hdt  'rf 
terpentine. 

The  only  remaininq;'  area  oi  this  tonnanoa  known  to  me  is 
deveicpeA  in  the  vicinir.-  of  Vreka  and  Fort  Jones  in  SidExy<3n 
county  where  a^^ain  it  is  a.ss«jciated  with  scrpentme. 

The  rhir.kness  of  the  Abrams  mica  schist  in  the  npper 
Cotter  iirt^k  se-.tion  i,s  estimated  at  about  ixxxy  icet^  but  fr 
^ecm.s  to  diTcicen  to  the  v>tithward  and  at  Ballv  Choop  may  be 
mtich  jBTTcater. 

Thi.-i  is  Tmdoubte<i!y  a  hiigrhly  metamotphoscd  sedzmcKanr. 
Ori^pnally  it  was  a  series  of  argxUaceoos  sandstone  beds  in 
lar^e  part  nnely  laminated.  The  action  of  the  mctamocphisni 
has  been  to  convert  the  nearly  porely  siHceons  tamiru^  into 
qaartz>te  layers,  while  folia  of  mica  were  developed  in  the  slialy 
parting's  between  the  layers.  In  poctioos  of  the  formation 
shearing  such  as  usually  ppjduces  schistosity  has  been  nearlv 
absent  and  the  structure  is  rather  that  of  a  shale  dian  a  tme 
schist.  Yet  this  thcrmometamorphic  action  has  been  so  in- 
tense that  the  original  detrital  granular  nature  of  the  material 
has  Itten  completely  destroyed.  Certain  pore  quartz  sand 
layers  have  been  converted  into  the  apparent  large  qoart? 
\eins.  which  have  a  definite  position  in  the  scries,  arc  always 
parallel  to  the  strike,  and  grade  upward  and  downward  into 
the  distinctly  laminated  schi>r.  yet  rarely  display  the  sub-gran- 
tilar  texture  of  a  typical  quartz>-te. 

The  Salmon  hornblende  sehist.  Whenever  die  bounda^^' 
Ixrtwe^m  the  mica  and  hornblende  schist  has  been  examined 
by  me,  as  in  the  south  f'>rk  of  Salmon  River  country  and  the 
Hay  Fork  section  s^juth  of  Trinity  river,  the  former  was  found 
to  grade  into  the  latter  through  a  thin  series  of  graphite  schisi 
and  actinolite  schist.  The  black  graphitic  schist  is  particularly 
characteristic  of  this  horizon  and  occurs  nowhere  else  in  the 
r'TJes.  It  was  originally  a  highly  carbonaceous  layer  in  the 
-nrc^rssion  of  *»andstones  and  shales  and  probably  deposited  un- 
'\*:r  much  the  same  conditions  as  veins  of  coal  in  the  carbon- 
if'-rous  rcK:k>.  The  actinolite  schist,  so  far  as  mv  observation 
'f^'ff.:-.,  is  al-o  confined  to  thi^  horiz'.»n.  Usually  it  is  of  fine  tex- 
^'•irf.  li;^ht  c^rc-ii  in  color  an^l  ha>  a  jxrculiar  bladed  structure, 
litit  I'^ally  there  i*i  fitvel  »i)cd  a  coarse-textured  type  yielding 
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ine  specimens  of  crystalline  aggregates  of  actinolite.  The 
raphite  and  actinolite  schists  combined  usually  have  a  thick- 
ess  of  no  more  than  five  to  fifteen  feet  and  in  the  presence  of 
le  broader  belts  of  other  schists  on  either  side  may  escape  de- 
letion in  many  sections  unless  especially  searched  for. 

The  hornblende  schist  is  remarkable  for  its  uniformity 
iroughout  a  thickness  of  probably  not  less  than  2,500  feet.  It 
>nsists  of  elongated  or  blade-shaped  crystals  of  dark  green 
id  black  hornblende,  separated  by  irregular  thin  layers  of 
bite  quartz,  with  feldspar  locally  developed.  It  is  moderately 
ne-g^ained  and  its  general  color  is  a  dark  green ;  it  outcrops  in 
^gg^d  peaks  of  black  rocks.  Certain  layers  are  highly  calcar- 
>us,  abounding  in  curiously  contorted  folia  of  crystalline  lime- 
:one,  even  increasing  to  one-  and  two-foot  layers  of  impure 
larble.  Much  of  the  formation  has  a  schistosity  developed  by 
learing,  but  in  places  the  original  lamination  can  be  distinctly 
iscemed  and  it  is  often  highly  contorted.  There  are  other 
ortions  in  which  quartz  is  nearly  absent  and  the  rock  consists 
f  massive  aggregates  of  comparatively  coarse  hornblende  crys- 
ils,  producing  a  type  resembling  a  truly  igneous  homblendyte. 
rideed,  hand  specimens  of^this  formation  have  frequently  been 
ientified  as  dioryte  and  even  some  who  correctly  discriminate 
as  hornblende  schist  consider  it  an  altered  igneous  rock.  I 
ropose  to  show  that  it  is  a  highly  metamorphosed  sedimentary. 

The  largest  area  of  hornblende  schist  is  traversed  by  the 
3uth  fork  of  Salmon  river  between  its  head  and  the  vicinity 
f  the  village  of  Cecilville.  It  constitutes  a  broad,  shallow, 
rnclinal  trough,  trending  north  to  south  and  probably  ten 
liles  in  width.  On  each  side  the  strata  are  upturned  to  the  ex- 
mt  of  allowing  the  mica  schist  to  come  to  the  surface  from  uii- 
er  them.  Roth  north  and  south  from  the  river  the  synclinal 
further  disturbed  by  the  upthrust  of  the  hornblende  schist 
gainst  huge  batholiths  of  granite  and  quartz-mica-diorytc 
.t  the  center  of  the  structural  basin  thus  formed,  the  forma - 
on  has  been  less  modified  by  metamorphic  action  than  usually, 
he  strata  are  but  little  tilted  and  the  original  bedding  planes 
re  quite  distinct.  Before  its  conversion  into  hornblende 
:hist  it  passed  through  a  stage  of  thin-bedded  slate,  the 
Tucture  lines  of  which  yet  remain.  Interbcdded  with  the 
:hists  there  is  a  two  to   four-foot   layer  of  dark  gray,  fine- 
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grained  compact  quartzyte.  In  several  places  this  shows  shaly 
partings.  Undoubtedly  there  is  here  evidence  of  the  dasts 
character  of  the  formation. 

In  the  Hav  Fork  section  of  Trinitv  countv,  the  Salmcc 
hornblende  schist  is  well  developed  as  a  belt  several  mSes  hi 
width  lying  between  the  mica  schist  on  the  east  and  the  black 
schistose  slates  of  the  Devono-Carboniferotis  on  the  west  la 
this  area  the  schistosity  is  not  so  strongly  developed  and  much 
of  the  formation  is  but  little  removed  in  alteration  from  a  slate. 
In  many  places  the  bedding  planes  are  distinct  and  indicate  2 
formation,  originally  not  finely  laminated  nor  yet  very  heavily 
bedded. 

Another  area  of  this  formation  occurs  on  the  east  side  of 
the  great  serpentine  area  of  the  Sierra  Costa  mountains,  on 
Rush  creek  several  miles  north  of  Weaverville. 

\Ve  mav  now  take  a  broader  view  of  the  schist  series.  The 
members  are  evervwhere  perfectly  conformable  to  each  other 
and  evidently  represent  continuous  sedimentation.  At  the  base 
was  an  argillaceous  sandstone  with  certain  single  heavy  strata 
of  nearly  pure  quartz  sand.  Following  that  was  deposited  a 
thin  stratum  of  highly  carbonaceous  and  siliceous  shale.  An- 
other change  in  conditions  brought  in  a  more  argillaceous  and 
calcareous  sediment  and  then  followed  a  long  period  of  remark- 
ably uniform  deposition  of  shale,  sandy  layers  being  few  and 
fine  in  texture.  All  members  of  the  series  have  been  subjected 
to  the  same  degree  of  metamorphism.  Without  shearing  ex- 
cept locally,  the  first  member  was  recrystallized  into  micaceotis 
quartz  schist,  the  second  into  graphite  schist,  the  third  into 
actinolite  schist  and  the  last  seems  to  have  passed  through  a 
slaty  stage  into  hornblende  schist. 

The  discussion  of  the  age  of  this  Klamath  schist  series  will 
T>c  reserved  for  the  close  of  the  pa|>er. 

The  Loii'cr  Slate  series. — This  is  made  up  of  a  succession 
of  Mack  slates.  (|iiartzytes  and  limestone.  The  slates  nearly  al- 
ways have  a  sclii-^tosc  structure  due  to  shearing.  The  quartz- 
yte^ make  up  a  larj^e  i)art  of  the  series  and  are  fine-grained 
aivl  often  rej^ularly  and  thinly  bedded.  The  granular  structua* 
anrl  «^]etrital  orij;^in  are  quite  apparent  to  the  unaided  eye.  The 
l>e^l'.  of  quartzyte  alternate  rapidly  with  the  schistose  slates. 
The  liine-tont.s  (^cctir  in  lone,*"  narrow  dike-like  masses  which  arc 
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often  repeated  three  or  four  times  in  parallel  lines  within  sev- 
eral miles  transverse  to  the  strike  of  the  slates,  apparently  as 
the  result  of  folds  or  faults.  Some  of  these  "lime  dikes"  have 
a  width  of  several  hundred  feet  and  stand  out  boldly  above  the 
surrounding  slates.  The  limestone  is  usually  massive  and 
crystalline  in  character.  Generally  the  metamorphism  has 
proceeded  to  such  an  extent  as  to  have  completely  destroyed  the 
fossils,  but  near  the  Sacramento  and  McQoud  rivers  this  is  not 
the  case,  and  there  the  limestones  furnish  the  material  for  the 
determination  of  the  age  of  this  series. 

The  areas  of  the  Lower  Shale  series  are  characterized : — 

1.  By  the  peculiar  outcrop  of  the  quartzyte ;  the  surface  of  the 
hills  abounds  in  fragments  of  cherty  quartz  either  stained  to 
light  tints  of  red,  yellow  or  brown  or  having  a  whitish,  bleached 
appearance.  It  is  difficult  to  convey  an  accurate  impression  of 
what  is  here  meant,  but  it  is  a  feature  universally  present  in 
all  the  areas  of  this  series  no  matter  how  widely  separated  or 
whether  representing  its  upper  or  lower  members.  No  other 
formation  outcrops  in  quite  the  same  way  although  internally 
it  may  resemble  this. 

2.  By  abundant  dikes  of  greenstone  intruded  into  the 
series  and  cutting  across  the  stratification. 

3.  By  the  belts  of  limestone.  Limestone  and  marble  occur 
in  the  earlier  schists  but  are  insignificant  in  development  in 
comparison  with  those  of  the  Lower  Slate  series. 

4.  By  a  certain  degree  of  dynamo-metamorphisni  which 
is  comparatively  uniform  throughout  the  series  and  is  of  the 
nature  of  regional  and  not  local  or  contact  metamorphism. 

The  formation  is  commonly  contorted,  faulted  and  sheared 
throughout.  Much  of  the  argillaceous  material  has  been  con- 
verted into  hornblende  and  micaceous  minerals,  but  this  is  not 
macroscopically  prominent.  The  sandstones  have  been  partial- 
ly recrystallized  and  thoroughly  lithified.  The  limestone  ha'^ 
usually  been  altered  to  a  distinct  crystalline  aggregate  pre- 
senting little  evidence  of  its  original  condition.  The  general 
appearance  of  the  series  is  one  of  practically  the  same  age 
throughout,  and  as  a  whole  much  older  than  the  Mesozoic 
slates,  to  be  described  later,  and  much  newer  than  the  schis: 
series,  discussed  in  preceding  pages. 

In  Trinity  county,  the  Lower  Slate  series  is  chietiy  devel- 
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oped  in  a  belt  lying  just  west  of  the  hornblende  schist,  trend- 
ing from  southeast  to  northwest  from  the  vicinity  of  Harrison 
Gulch  in  Shasta  countv,  across  the  Hav  Fork  countn-  and  the 
Lower  Trinity  basin,  and  crossing  the  divide  into  Siskirai 
county  in  the  Xew  River  mountains.  It  is  traversed  by  the 
south  fork  of  Salmon  river  below  Cecilville,  where  much  of  the 
country  over  a  width  of  ten  or  fifteen  miles  belongs  to  this 
series.     The  belt  probably  averages  about  five  miles  in  width. 

The  next  principal  area  is  in  the  Scott  Valley  region,  be- 
tween Fort  Jones  and  Callahan,  and  extending"  thence  east  to 
Shasta  vallev  near  Gazelle.  The  Sacramento  canon  cuts  z 
number  of  small  areas  of  this  formation  between  Castella  and 
Delta,  and  it  largely  (xrcupies  the  country  east  of  the  river  to 
and  be  von  d  the  McCloud  river. 

The  age  of  the  series  is  pretty  definitely  known  throu^ 
fossils  occurring  in  it  near  the  Sacramento  and  McCloud  rivers 
and  studied  by  Trask,*  W'alcott,  Smith,t  Diller,  Schuchert.* 
Anderson  and  others.  A  small  area  near  Kennett  is  considered 
Devonian  in  age,  and  in  limestone  near  Gazelle  has  been  found 
a  fossil  fauna  indicating  still  lower  Devonian.  I  understand, 
also,  the  Devonian  fauna  occurs  in  the  series  in  the  Scott  Val- 
ley region.  On  the  McCloud  river  a  Lower  Carboniferous 
fauna  is  found  in  the  Baird  shales  and  an  Upper  Carboniferous 
in  the  McCloud  limestone.  I'rof.  J.  P.  Smith  has  informed  me 
that  farther  up  the  McCloud  river  there  are  fossils  of  a  Per- 
mian facies.  Hence,  it  apix.*ars,  that  the  Lower  Slate  series 
ranges  in  age  from  the  Lower  Devonian  to  Permian,  and  as 
there  is  n(>  known  stratigraphic  break  in  the  series,  sedimenta- 
tion was  i)robably  continuous  throughout  Devonian  and  Car- 
boniferous time.  Metamorphisni  in  the  McCloud  region  has 
])een  somewhat  less  in  intensity  than  in  the  southwestern  Sis- 
kiyon  and  Trinity  areas.  It  is  to  be  noted,  however,  that  the 
small  Devonian  area  near  Kennett  more  closely  resembles  the 
scries  in  Trinity  countv  than  the  Carton  if  erous  area  in  the 
McCloud,  and  the  more  aged  appearance  of  the  western  areas 
may  be  due  not  alone  to  their  different  situation  in  the  range 


•  Report  on  the  Geology  of  the  Coast  Mountains,  1865. 

f  "The  Metatnorphic   Scries  of  Shustu  conntv,  C aliTomia/' Joi"'*  o/G«ot. 
vol.  ii,  pp.  5S8-012. 

t  "Diicovt'o-   of  Devonian   Rock«   in    California,"  >l m. /our.  Se/,  III 
vol.  xlvii,  pp.  416-4-22. 
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also  to  Aeir  repnescntii^  tbc  cildcr  or  Devonian  portion 


Tins  series  of  slates,  qnaitz^tes  and  limestones  certainly 
in  part  tiie  Calaveras  fonnation  of  the  Sierra  Xe- 
r^ion,  bat  also  seems  to  indnde  strata  of  the  same  age  as 
Ae  Arlii^tan  and  Robinson  formations,  The  Devonian  por- 
of  the  series  is  not  well  represented  in  the  Sierrai  Nevada 
but  strata  of  that  age  have  been  discriminated  there. 
I  sliaald  be  inclined  to  extend  tbe  term  Calaveras  in  its  original 
significance  to  tbe  Klamath  region  if  it  had  not  come  to  be 
restricted  to  a  particular  portion  of  tbe  Devono-Caiboniferous 
It  is  doobtfnl  if  we  shall  be  able  to  separate  the  Devon- 
and  Carbomferoos  conmoncnts  of  the  series  in  the  south- 
Hfcstfciu  Si^yon  and  Trimtv  areas,  and  we  may  be  obliged  to 
^dopt  a  coDectiTe  name  s3raanymoas  with  that  'U'hicfa  I  have 
ttsecL  tbe  Lower  Slate  series. 

The  thickness  of  the  series  in  anv  one  section  is  not  known 
to  me.  Usnalhr  the  socoession  of  strata  is  repeated  several 
'times  in  a  sii^;le  area  by  faulting  and  folding.  It  appears  to 
lie  considerably  thicker  than  the  sddst  series  and  than  the  later 
!Mesozoic  slates,  and  an  estimated  average  for  the  entire  terri- 
totry  of  5,000  feet  is  prdhabh'  snfiidcntly  accnrate  for  thf 


The  Clear  Creek  greenstone. — Southeast  of  the  higfh  nig:gf<*^ 
ks  constituting  the  Sierra  Costa  ranfrt*,  tht-ru  i<  a  much 
lower  mountain  country-  constituting^  the  hasin  oi  Trinity  river 
bet'ween  Trinitv-  Center  and  Lewiston,  the  Trinitv  mountain 
and  the  ridges  eastward  to  the  Sacramento  ri>'er.  The  ireolo- 
gy  of  this  extensive  territor}-  is  comparatively  simfile  and  en- 
tire! v  unlike  that  of  the  countn  to  the  west.  Aside  from  the* 
intrusive  granites  and  porph}-ries,  the  mountains  are  made  up 
of  two  formations,  the  Qear  creek  p-eenstone  and  the  Braprdon 
slates.  The  former  is  the  foundation  rr>ck  of  the  reHon  anl 
upon  it  the  slates  have  been  deposited. 

In  general,  the  slate  formation  remains  practical!}  in  it> 
original  horizontal  position  except  that  it  has  l>een  thrown  inT« » 
a.  broad,  shallow  smcline,  with  an  axis  a  few  miles  cas: 
of  the  summit  of  the  Trinit\-  ranpe:  but.  considered  in  detail. 
it  is  much  disturbed  hv  faults  and  folds  of  small  dimensi«»n> 
so  that  locally  it  presents  dips  of  hicrh  degree,  in  noi  a  few 
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cases  vertical  and  even  overturned.  This  folding  somewhat 
obscures  the  fact  that  the  greenstone  is  always  under  dx 
slates  and  never  intruded  into  them. 

The  whole  black  slate  countr\'  between  Trinitv  Center  and 
Lewiston  has  been  throM-n  into  a  series  of  about  ten  anticlinal 
folds,  striking  east  to  west  through  the  Trinity-  mountain  and 
across  the  courses  of  Trinit\-  river  and  Qear  credc  Near  dK 
center  of  the  series  the  folds  are  closely  oppressed  and  the 
slates  ak>ng  the  sides  vertical.  Now,  if  we  follow  the  contact 
between  the  greenstCMie  and  slates  up  the  limb  of  the  anticlinal 
we  do  not  have  to  climb  more  than  500,  or  at  most  i«ooo,  fed 
above  the  Trinit\'  river  until  we  find  the  slates  curving  up  over 
the  greenstone,  and  the  mountains  above  are  entirely  of  slate. 
The  maximum  vertical  range  of  the  folding  is  probably  2,000 
feet,  and  the  more  open  folds  may  be  included  within  1,000  feet 
Thus  the  greenstone  rises  into  view  in  the  axis  of  each*anti- 
cltne,  and  sinks  beneath  the  valley  under  each  s\TicIine 

The  greenstone  formation  is  made  up  of  a  variety'  of  de- 
posits of  a  volcanic  nature,  but  all  ha\'ing  something  in  com- 
mon S4->  that  it  appears  over  wide  areas  as  a  massive,  fine- 
grained dull  green  rock,  outcropping  in  ragged  clifiFs  and 
weathering  down  into  a  reddish  clay  soil. .  Much  of  it  is  of  a 
detrital  character,  chiefly  diabasic  tuffs  and  ashes,  although  in 
places  it  is  brecciated  and  occasionally  it  has  a  conglomerate 
structure.  This  latter  is  peculiar.  It  consists  of  rounded  peb- 
bles of  dial>ase  cemented  by  similar  material.  Among  the  dia- 
basic tufts  are  undoubtedly  sheets  of  lava,  in  places  containing 
amygdaloid>.  The  formation  has  been  much  altered  and 
abc>und>  in  secondary-  minerals  of  which  epidote  is  macroscq)- 
ically  the  mc>st  prominent. 

Running  through  the  greenstone  areas  are  long  broad  belts 
of  a  fine-grained  white  n.vk  resembling  certain  quartzytes,  but 
apparently  a  lelsyte  or  a  tievitrified  rhyol}^^  Commonly  asso- 
ciate* i  wiili  them  are  z«  mcs  of  impregnation  of  iron  and  copper 
I>yrite>.  tile  >i:Ii>hide>  sometimes  concentrating  into  large  solid 
lhKl:v>.  >iicli  as  tile  Iron  ir.oiintain  and  Copper  city  deposits. 

AK'iii;  ceriaiii  loiies  of  >iiearing  which  trend  usually  east- 
\ve>t  aii«l  luive  a  widtl:  of  ten  to  hundreds  of  feet,  the  diabase 
ha>  Ixeii  v'»nvcrte^i  into  a  ligr.t-greenish  schistose  rock  which 
:.i>l'var>  :     :.  v  :.   ar<\VLr  :::e    le>cription  of  certain  phases  of 
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the  amphibolyte  schist  of  the  Sierra  Nevada  region.  Bands  of 
impregnation  of  sulphides  are  also  commonly  associated  with 
these  shear  zones. 

Another  modification  of  the  diabase  quite  common  along 
Trinity  river  is  into  a  very  hard,  fine-grained,  purplish  flinty 
rock,  perhaps  due  to  silicification  of  the  greenstone.  In  the  same 
region  occur  dikes  of  quartz-porphyry  which  cut  the  green- 
stone but  terminate  abruptly  at  the  base  of  the  overlying  slates. 
In  fact,  the  whole  greenstone  formation  appears  to  be  a  series 
of  diabasic  tuffs  and  lavas  bound  together  by  a  variety  of  in- 
trusive porphyries  and  diabase. 

This  greenstone  in  large  part  is  beyond  doubt  extrusive  in 
character ;  in  other  words,  it  is  a  formation  of  surface  volcanic 
material.  It  has  its  counterpart  in  the  Neocene  tuffs  and  lavas 
spreia  widely  over  the  older  formations  in  the  Cascade  region. 
On  the  isthmus  of  Panama,  I  have  studied  a  great  Neocene 
volcanic  formation  of  precisely  the  same  character,  except  that 
the  tuffs  are  mainly  rhyolitic  and  the  lavas  basaltic.  The  in- 
ternal structure  of  these  formations  is  characteristically  alike. 

The  origin  of  the  material  of  the  greenstone  has  not  yet 
certainly  been  discovered.  The  Lower  Slate  series  is  particu- 
larly abundantly  supplied  with  dikes  of  greenstone  scarcely  dis- 
tinguishable from  the  main  body  of  the  diabase  and  in  places 
these  intrusive  diabases  seem  to  pass  into  the  extrusive  forma- 
tion. In  the  Cinnabar  synclinal  between  the  gabbro  ridges 
of  northeastern  Trinity  county,  great  dikes  of  greenstone  are 
intruded  into  the  serpentine  and  form  extensive  bodies  along 
the  axis  of  the  trough.  The  entire  region  from  the  Sacramento 
river  southwcstward  to  the  Hay  Fork  country  and  northwest- 
ward to  the  lower  Salmon  river  country  appears  to  have  been 
overspread  by  this  greenstone,  for  wherever  its  proper  horizon  is 
exposed,  viz.,  between  the  Lower  Slate  series  and  the  Bragdon 
slates,  heavy  bodies  of  diabase  occur  as  a  stratigraphic  unit 
and  not  as  intrusions. 

Tuffs  imply  volcanoes  and  not  mere  fissure  eruption.  The 
volcanoes  of  this  period  have  disappeared,  but  I  think  they  oc- 
curred along  a  belt  lying  just  west  of  the  Sacramento  river  an<l 
including  the  sites  of,  say,  Kennett,  Keswick,  Shasta  and  Cen- 
terville.  Here  the  formation  is  very  thick  and  its  fragmental 
character  is  most  apparent.     Toward  the  westward  it  appears 
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to  thin  and  become  more  uniformly  a  diabase  similar  to  tbe 
dikes  in  older  formations.  Its  thickness  is  unknown,  but  in 
Trinity  valley  it  is  at  least  1,000  feet,  as  that  thickness  isa- 
posed  and  the  bottom  not  seen. 

The  Clear  Creek  greenstone  was  deposited  on  land.  At  tbe 
close  of  the  epoch  it  suffered  erosion  and  was  levelled  off  either 
by  the  sea,  during  the  progress  of  the  submergence  to  whidi  Ac 
slates  are  due,  or  by  sub-aerial  erosion,  probably  as  the  resnk 
of  both.  This  interval  of  erosion  does  not  app>ear  to  have  been 
a  long  one. 

The  Bragdon  slate, — This  has  its  heaviest  develc^Mnent  in 
the  Trinity  mountain  (the  bulk  of  which  it  forms)  between  the 
high  mountains  east  of  Trinity  Center  and  the  vicinity  of  Lew- 
iston.  It  is  cut  off  on  the  west  at  the  foot  of  the  high  Siem 
Costa  mountains  by  a  sharp  monocline  or  a  fault.  On  tfte  east 
it  thins  out  because  of  erosion  and  has  been  completclv  re- 
moved from  over  the  greenstone  formation  along-  a  broad  bch 
lying  just  west  of  the  Sacramento  river. 

It  is  a  series  of  alternating  thin-bedded  black  slates  and 
thick-bedded  blue  quartzytes.  As  doubts  have  been  expressed 
that  this  formation  is  distinct  from  the  Devono-Carboniferous 
I  will  lay  special  stress  upon  the  points  of  difference.  In  tiie 
lower  slates,  the  quartzytes  are  white  and  weather  red,  yellow, 
brown  or  a  bleached  white :  in  the  Bragdon  slates,  the  quartx- 
ytcs  are  blue  and  weather  gray.  The  former  formation  is  schis- 
tose throughout  the  argillaceous  ]x>rtion  because  of  regional 
shearing:  the  l>ragdon  slates  have  only  been  sheared  along  cer- 
tain zones,  and  most  of  the  fomiation  is  merely  a  well  lithified 
or  silicificd  shale  and  sandstone,  without  shearing.  The  Lower 
Slate  areas  have  limestone;  the  Bragdon  slate  areas  none. 
The  fomicr  scries  abounds  in  intrusive  diabase ;  the  latter  has 
no  dikes  of  this  eruptive  and  all  the  diabase  in  its  vicinit)'  is 
under  it.  Conglomerates  are  rare  in  the  Devono-Carbonifer- 
ous ;  in  the  l>rag(Ion  slates  thin  sheets  of  well-lithified,  moder- 
ately fine  conglomerate  are  rather  common,  particularly  in  Hay 
jLj^ulcli,  three  miles  north  of  Hragdon,  and  near  French  guldi. 
The  |)el)l)les  are  of  blue,  black,  red,  yellow,  brown  and  white 
(|uartz  and  appear  to  have  been  fonned  principally  from  the 
(juartzytes,  cherts  and  phthanytcs  of  the  Devono-Carbonifcrous. 

Along  thf  Sacramento  river,  near  Elmore  and  thence  east- 
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ward  toward  the  McCloud  river,  there  is  a  deposit  of  the  Brag- 
don  slate.  It  contains  conglomerates  which  on  outcrop  have 
a  singular-vesicular  character,  like  an  amygdaloid.  Now  there 
are  Devonian  and  Carboniferous  limestones  pretty  strongly  de- 
veloped in  that  vicinity  and  I  explain  the  rounded  cavities  in  the 
conglomerate  by  supposing  that  they  represent  pebbles  of  lime- 
stone which  have  been  dissolved  out  in  the  process  of  weath- 
ering. 

The  conglomerates  are  most  abundant  toward  the  northeast, 
and  the  whole  formation  seems  to  thin  toward  the  southwest, 
implying  that  the  shore-line  and  source  of  the  sediments  were 
somewhere  on  the  northeast.  In  the  Hay  Fork  country,  lying 
west  of  the  Devono-Carboniferous,  there  is  a  narrow  belt  of 
this  formation.  Here  also  it  is  closely  associated  with  green- 
stone, as  in  Trinity  mountain.  The  two  are  folded  into  each 
other  and  are  separated  by  a  sharp  even  line,  with  the  green- 
stone always  stratigraphically  under.  Both  greenstone  and 
slates  are  thinner  than  in  the  Trinitv  mountain  area  and  the 
latter  average  finer  sediments. 

The  Bragdon  slates  were  probably  developed  over  the  great- 
er portion  of  the  Klamatli  region,  but  through  the  vicissitudes 
of  elevation,  folding  and  erosion,  have  been  mostly  destroyed. 
This  is  the  latest  of  the  formations  included  in  the  "Auriferous 
Slate  series"  of  northwestern  California  and  probably  the  upper 
limit  of  the  original  deposit  nowhere  remains.  There  arc  yet 
over  2.000  feet  in  thickness  of  it  in  the  Trinitv  mountain 
/country. 

The  age  of  the  Bragdon  slates  is  as  yet  somewhat  uncertain, 
as  the  formation  has  nowhere  yielded  any  determinable  fossils. 
Along  the  road  between  French  gulch  and  Trinity  Center,  near 
Whitney's  ranch,  there  are  traces  of  organic  remains,  apparent- 
ly impressions  of  plants.  However,  no  paleontological  evi- 
dence is  available  and  I  can  onlv  indicate  what  correlations  arc 
probable  from  the  standpoint  of  lithology.  stratigrajihy  and 
structure. 

In  the  Pitt  River  region,  Prof.  J.  P.  Smith  has  discrimin- 
ated* a  thick  series  of  Mesozoic  sediments  included  in  part  in 
his  Pitt  formation  and  the  Cedar  and  Bend  formations,  the  lat- 
ter of  Jurassic  age.     There  api)ears  to  have  been  essentially 

*Jour,  ofGeoL,  vol.  ii,  pp.  558-612. 
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continuous  deposition  from  the  Carboniferous  through  the 
Triassic  into  the  Jurassic.  My  acquaintance  with  that  region 
is  slight,  but  when  I  visited  it  I  could  not  so  clearly  separate 
the  Carboniferous  and  Mesozoic  slates  as  in  Trinity  county. 
My  impression  is  that  the  latter  formations  are  entirely  unrep- 
resented in  Trinity  county,  their  place  being  taken  by  a  mariced 
interval  of  erosion.  In  the  Pitt  river  valley  I  found  the  slates 
grading  into  the  greenstone  by  interstratification,  while  in  Trin- 
ity county  they  are  distinct  and  a  short  interval  of  erosion  be- 
longs between  them.  My  studies  lead  me  to  think  that 
throughout  the  Klamath  region  west  of  the  Sacramento  river, 
sedimentation  ceased  at  the  close  of  the  Paleozoic  era  and  the 
Devono-Carboniferous  series  was  elevated  into  dry  land,  some- 
what folded  and  metamorphosed  and  then  greatly  eroded,  whiL* 
sedimentation  continued  through  the  Triassic  and  Jurassic  per- 
iods in  the  region  of  the  McCloud  and  Pitt  rivers,  and  thence 
northeastward  through  an  undetermined  area.  Sedimentation 
in  the  country  west  of  the  Sacramento  river  was  only  resumed 
well  on  in  the  Mesozoic  era,  after  the  Clear  Creek  volcanic  per- 
iod, and  hence  the  greenstone  and  Bragdon  slates  (which 
rightfully  belong  together  as  a  series)  came  to  rest  unconform- 
ably  upon  the  Devono-Carboniferous. 

Now,  there  is  a  remarkable  resemblance  in  the  lithology  and 
structure  of  the  Clear  Creek  greenstone  and  the  main  diabase 
and  porphyryte  formation  of  the  Sierra  Nevada  region.  Both 
seem  to  rei)rcsent  a  time  when  diabasic  tuffs  and  lavas  spread 
over  wide  areas  much  as  the  Neocene  volcanoes  cover  the  older 
formations  in  the  Cascade  region.  In  the  Sierra  Nevada  re- 
gion also  this  extrusive  series  of  eruptives  is  intimately  asso- 
ciated with  a  black  slate  formation — ^the  Mariposa  slates  of 
late  Jurassic  age.  Not  only  arc  the  Bragdon  slates  litholog- 
ically  similar  to  the  Marijx^sa  slates,  but  the  general  make-up 
of  the  two  series  is  identical.  This  parallelism  of  conditions 
on  opposite  sides  of  the  comparatively  narrow  Sacramento  val- 
ley is  too  rcinarkablc  to  be  ignored.  It  seems  to  warrant  the 
correlation  in  a  general  way  of  the  two  series.  As  the  Mari- 
posa slates  with  their  associated  diabase  and  porphyryte  are 
considered  late  Jurassic  in  age,  I  shall  provisionally  class  the 
Clear  C>eek  jL^recn. stone  and  the-  ]^»ra,ii^don  slate  as  also  Jurassic. 
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DISCUSSION  OF  THE  ACE.  OF  THE  KLAMATH  SCHIST  SERIES. 

The  coimnon  association  of  serpentine  with  the  Abrams 
formation  suggests  that  the  peridotyte  was  intruded  into  the 
slates  and  that  the  schists  represent  contact  zcHies  of  meta- 
morphism  about  it,  and  are  merely  altered  portions  of  the  I>e- 
vono-Carboniferons  series  or  the  Bragdon  slates.  To  this  hy- 
pothesis there  are  two  fatal  objections, 

1.  The  original  or  unaltered  sedimentary  formations  of  the 
schist  series,  the  Devono-Carboniferous  series  and  the  Bragdon 
slate  series  were  of  a  similar  character  petrographically  (and 
might  be  expected  to  ^ield  like  products  under  like  conditions 
of  metamor]>hism)  but  the  sequence  of  the  strata  was  different. 
No  amount  of  metamorphism  could  have  converted  the  Brag- 
don slates  or  any  portiOTi  of  the  known  I>evono-Carboniferous 
into  a  series  as  the  mica,  grajdiite  and  hornblende  schists.  That 
layer  of  graphitic  schist  is  extremely  important  in  this  connec- 
tion. By  means  of  it  and  the  nearly  purely  siliceous  layers 
outcropping  as  apparent  large  glassy  quartz  veins,  we  are  able 
to  determine  that  the  mica  schist  evervwhere  in  the  Klamath  re- 
g^on  represents  the  same  portion  of  the  original  sedimentan' 
series,  and  the  hornblende  schist  al^-ays  a  certain  higher  portion 
while  the  recognized  Devono-Carboniferous  nowhere  contains 
representatives  of  this  portion  of  the  original  <;ediment?  and  the 
Bragdoii  series  is  so  ver\-  different  as  to  be  quite  out  oi  the 
question. 

2.  Aloncr  several  lines  in  the  Klamath  reHon  the  Devono- 
Carboniferous  and  the  schist  series  are  in  contact  and  "dikes" 
or  narrow  belts  of  seq^cntine  ap}>ear  alonix  tliese  lines.  On 
Hay  Fork  mountain  in  southern  Trinity  comity,  a  narrow  lx*lt 
of  the  serpentine  is  bounded  on  the  west  as  usual  h\  mica  schist. 
followed  by  the  graphite  and  hornblende  schists.  On  the  easi 
it  is  bounded  by  a  belt  of  the  characteristic  schistose  -late  •  cm 
by  greenstone  dikes  1  ()f  the  Devono- Carboniferous  Xow.  'f 
the  mica  schist  is  an  altered  rH:»rtion  of  the  r)evonr.-(  arbonifcr- 
ous  and  due  to  the  intrusicm  of  j»eridotyte,  win  \va-  the  mct- 
amorphic action  sc»  ver>  much  more  intense  on  one  sidt.  oi  tlie 
dike  than  on  the  other?  These  conditions  arc  exac!]\  reneato^l 
along  the  boundary-  between  the  undoubtel  Dcv-qi'  ^  a'-Honifr^ 
ous  and  the  schist  series  in  the  \iciniLy  of  c'rcilv^k  and  tbi 
King  Solomon  mine  in  .southwestern   Siskiyon  co^ntw  cxccv' 
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that  here  the  schists  are  on  the  east  and  the  slates,  qtiartz}les 
and  hmestone  on  the  west  of  the  serpentine. 

The  .serjKrntine  is  mainly  confined  to  low  le\*els,  and  higher 
the  slates  and  quartzytes  rest  directly  on  the  mica  schist  and 
the  contact  appears  to  he  unconformable.  It  seems  that  the 
schist  series  was  tihed  to  the  eastward  at  a  considerable  angle 
and  the  Devono-Carboniferous  laid  do^Ti  arcoss  the  bevckd 
edges  of  its  strata.  Similar  evidence  of  non-con formit)*  was 
obtained  on  Hay  I'ork  mountain.  If  the  serpentine  is  older 
than  the  schists  there  will  not  be  anv  difficulty  in  demonstrat- 
ing*  an  unconfonnity  indicating  an  immense  erosion  of  the 
schists  previous  to  the  deposition  of  the  Devono-Carboniferous 
sediments,  but  if  the  peridotyte  was  intruded  into  schists 
and  slates,  the  unconformity  rests  upon  less  definite  evidence 
and  more  work  will  Ix'  required  to  establish  the  fact  beyond  the 
possibility  of  doubt.  However,  it  is  a  fact  that  the  typical  De- 
vono-Carl>oniferous  comes  close  up  to  the  t}*pical  schists  and 
they  are  separated  by  a  sharp  line,  not  the  least  evidence  of  one 
grading  \\\\.i>  the  other  having  ever  been  found. 

Throughout  the  Devono-Carboniferous  areas,  narrow  belts 
or  so-called  "dikes"  of  serpentine  are  rather  common.  They  us- 
ually outcrop  at  lower  levels,  the  schistose  slates  and  quartzytes 
apparently  curving  up  over  them  as  does  the  Bragdon  slate 
over  the  Clear  Creek  greenstone  in  the  folds  of  Trinity  valley. 
(Jne  such  strip  of  scr])entine  forming  the  axis  of  a  narrow  fold 
rnrcurs  in  r»ridj:rc  gulch  in  the  Hay  Fork  section.  The  txpical 
schistose  slate  and  quartzyte  of  the  Devono-Carboniferou:? 
overlie  it  and  may  be  traced  to  the  very  contact  practically 
unchanged.  In  the  Scott  valley  region  south  of  Fort  Jones  in 
Siskiyon  c<nnny,  a  sheet  of  serixMitine  appears  to  underlie  die 
Devono-Carboniferous  over  at  least  several  square  miles.  In 
no  instance  have  1  observed  the  development  in  these  Devono- 
Carl)oni fen 'U>  areas  of  a  mica  schist  or  a  graphite  schist  or  a 
hornblende  schist  along  the  contact,  such  as  cx)nstitute  the 
Ahranis  and  Salmon  formations.  It  would  l)e  too  remarkable 
a  case  <jf  >clection  to  sup|)ose  that  the  peridotyte  converted 
thousands  i»f  feet  of  strata  into  mica  and  hornblende  schists  in 
one  area,  and  tiiat  in  an  immediately  adjoining  area,  equally  as 
large  masses  <»f  peridotyte  failed  to  develop  in  the  same  strata 
even  a  narrow  contact  zone  of  similar  schist.     The  inference 
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is  unavoidable  that  the  schists  are  a  distinct  series,  as  a  whole 
much  more  highly  metamorphosed  than  the  Devono-Carbonif- 
erous,  and  that  at  least  to  the  extent  that  their  alteration  ex- 
ceeds that  of  the  other  series,  the  metamorphism  is  not  due  to 
the  intrusion  of  peridotjrte. 

In  the  Coast  Range  region  the  serpentine  areas  are  com- 
monly bounded  by  narrow  zones  of  contact  metamorphism,  the 
product  of  which  is  in  places  a  schist  as  thoroughly  crystallized 
as  any  part  of  these  Klamath  schists.  These  metamorphic 
zones  are  nowhere  of  great  extent  and  cannot  be  used  as  an 
argument  in  support  of  the  hypothesis  that  to  the  intrusion  of 
the  peridot>'te  is  due  the  high  degree  of  metamorphism  of  the 
Abrams  and  Salmon  formations  which  are  developed  over  hun- 
dreds of  square  miles  without  an  outcrop  of  serpentine.  More- 
over, serpentine  areas  five  to  ten  miles  in  width  adjoin  the  Clear 
Creek  greenstone  and  the  Bragdon  slates,  as  in  the  Hay  Fork 
section  of  Trinity  county,  without  the  presence  of  a  prominent 
schist  belt  if,  indeed,  there  is  any  contact  thermo-metamorphism 
apparent  at  all. 

It  has  been  suggested  that  the  schists  represent  contact 
metamorphic  zones  due  to  the  intrusion  of  a  granitic  batholith. 
Where  these  batholiths  rise  through  the  hornblende  schist  as 
near  the  head  of  the  south  fork  of  Salmon  river,  there  is  often 
a  narrow  belt  of  schist  next  to  the  granite.  However,  this  is 
always  merely  a  portion  of  the  Abrams  formation  normally  un- 
derlying the  hornblende  schist  and  thrust  up  along  the  granite 
contact  as  the  presence  of  the  graphitic  layer  proves.  Large 
batholiths  of  granite,  quartz-mica-dioryte  and  intermediate 
types  occur  in  the  areas  of  the  Devono-Carboniferous  and  of 
the  Bragdon  slates  and  in  no  case  are  they  surrounded  by  schist 
zones  such  as  the  Abrams  and  Salmon  formations.  In  fact,  the 
only  sort  of  contact  metamorphism  that  I  have  observed  in  the 
Klamath  region  about  the  granitic  batholiths  is  that  tlie  schists 
and  slates  near  the  border  have  often  been  contorted  ])y  the  pres- 
sure of  the  intruded  magma,  and  impregnated  with  sulphide  of 
iron  and  in  general  their  metamorphism  somewhat  intensified 
but  not  materially  changed  in  character. 

Another  suggestion  is  that  the  metamorphism  of  the  rocks 
of  the  Klamath  region  is  due  to  the  action  of  a  great  magma  of 
fluid  granitic  material  underlying  the  whole  territory  and  deep- 
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ly  buried  beneath  the  present  surface  level  but  exerting'  its  in- 
fluence high  in  the  overlying  strata  to  a  degree  which  the  com- 
paratively small  bathoiithic  arms  could  not.  This  wcnild  iiiq)ly 
that  in  any  given  area,  there  was  a  maximum  of  intensit>'  of  al- 
teration in  the  deepest  porticMi  of  the  strata  near  the  granitic 
mass  and  the  degree  of  metamorphism  decreased  upward  to- 
ward the  surface.  The  oldest  sediments  would  naturally  be 
buried  deepest  and  be  the  most  altered.  Afterwards  elevation 
and  folding  would  bring  the  deeper  strata  to  the  surface  and 
belts  of  schists  would  come  to  outcrop  parallel  with  the  belts 
of  but  slightly  altered  slates.  As  applied  to  the  Klamath  re- 
gion I  have  the  following  objection  to  make  to  this  hypothesis: 

No  fluid  granite  magma  existed  under  the  Klamath  region 
until  after  the  Jurassic  period  of  eruption  of  g^reenstone.  Dur- 
ing the  deposition  of  the  Bragdon  slates  or  immediately  after, 
such  a  granitic  magma  may  have  formed  under  the  region,  and 
when,  just  at  the  close  of  the  Jurassic  period,  the  entire  terri- 
tory was  uplifted,  folded,  faulted  and  extensively  fractured, 
the  strata  subsided  on  this  fluid  magma  and  the  batholiths  and 
acid  dikes  were  formed.  Xow,  did  the  metamorphism  of  the 
schists  and  slates  date  entirely  from  this  period,  there  should 
be  a  g^dual  transition  in  the  degree  of  alteration  from  the  old- 
est and  lowest  to  the  newest,  which  certainly  is  not  the  case. 

I  want  to  particularly  emphasize  the  facts  that  the  schist 
series  is  about  equally  metamorphosed  from  bottom  to  top  and 
throughout  its  extent  over  hundreds  of  square  miles,  that  then 
occurs  a  break,  so  to  say,  and  the  Devono-Carboniferous  series 
although  showing  some  variation,  as  a  whole  is  altered  to  prac- 
tically the  same  degree,  but  much  less  than  the  schists  although 
the  two  are  in  contact  in  places,  while  then  occurs  another 
"break"  and  the  Jurassic  series  although  showing  little  varia- 
tion in  metamorphism  throughout  its  extent  either  vertically  or 
horizontally,  as  a  whole  is  much  less  altered  than  the  Devono- 
Carboniferous.  Taken  in  connection  with  the  evidence  of 
unconformity  between  the  three  series  the  only  reasonable  ex- 
planation is  this : 

After  the  sediments  of  the  schist  series  were  deposited,  they 
uplifted,  tilted,  to  a  certain  degree  metamorphosed,  and  then 
eroded.  This  land  was  depressed  beneath  the  sea  and  the  De- 
vono-Carlx)n  if  erous  sediments  deposited.     At  the  close  of  the 
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Paleozoic  era,  there  occurred  another  uplift  and  tilting  of  the 
strata.  The  Devono-Carboniferous  formations  were  metamor- 
phosed to  nearly  their  present  degree ,  while  in  the  earlier  series 
which  had  previously  been  converted  into  schists,  there  was  an 
intensifying  of  the  metamorphism.  In  the  Jurassic  there  came 
another  submergence  with  the  deposition  of  the  Bragdon  slates, 
followed  by  the  uplift,  folding,  faulting  and  fracturing  of  the 
strata  to  which  the  present  Klamath  mountains  structurally  are 
due.  During  this  orogenic  disturbance,  the  Clear  Creek  green- 
stone and  Bragdon  slates  were  well  lithified,  partially  silicified, 
and  a  schistose  structure  developed  along  certain  limited  shear 
zones;  in  other  words,  the  Jurassic  series  was  slightly  meta- 
morphosed. At  the  same  time  there  was  another  intensifica- 
tion of  the  alteration  of  the  schists  and  Devono-Carboniferous 
series.  This  theory  so  well  explains  the  facts  observed  in  the 
mountains  that  it  is  hardly  necessary  to  call  into  play  possibili- 
ties which  are  not  strong  probabilities. 

It  is  true  that  there  are  throughout  the  Klamath  region  cer- 
tain narrow  zones  of  metamorphism  due  to  the  intrusion  of 
various  acidic  and  basic  dikes,  and  they  have  produced  even 
in  the  Jurassic  slates,  schists  of  somewhat  similar  mineralogical 
composition  to  the  Klamath  series,  but  the  local  character  of 
the  former  is  alwavs  manifest  and  there  is  no  reason  for  con- 
fusion.  In  this  paper  I  am  considering  only  the  alteration  that 
is  regional  in  character,  affecting  entire  formations  over  many 
hundred  square  miles.  In  the  case  of  the  Klamath  schists  this 
was  probably  due  to  their  having  been  deeply  buried  under 
other  sediments  and  brought  under  the  influence  of  the  internal 
heat  of  the  earth.  The  regional  alteration  of  the  Devono- 
Carboniferous  and  Jurassic  series  is  mainly  of  a  dynamical 
character.  Upon  this  is  locally  superimposed  the  thermo-met- 
amorphism  of  the  central  zones'. 

We  are  now  ready  to  consider  the  question  of  the  age  of  the 
schists.  They  contain  no  fossils  and  manifestly  our  conclusion 
must  be  provisional  and  subject  to  modification  at  any  time. 

I  feel  safe  in  asserting  that  they  are  considerably  older  than 
the  Devono-Carboniferous  series.  They  seem  to  be  separated 
from  the  latter  by  a  non-conformity  of  no  mean  value  and  cer- 
tainly by  a  great  difference  in  degree  of  metamorphism.  The 
relation  in  point  of  metamorphism  between  the  Jurassic,  De- 
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vono-Carboniferoiis  and  schist  series  of  the  Klamath  region  is 
similar   to   that   between   the   Carboniferous,    Cambrian   and 
Archaean  of  the  Appalachian  region.    Upon  a  superficial  survey 
the  Abrams  mica  schist  might  be  classed  as  Archaean  in  age. 
However,  I  do  not  think  it  is  that  old,  for  the  following  rea- 
sons :    The  Archaean  complexes  of  the  eastern  states  are  almost 
invariably  highly  contorted  and  their  original  clastic  nature  to- 
tally destroyed,  if,  indeed,  any  parts  of  them  are  metamor- 
phosed sedimentaries.        As  we  approach  the  Pacific  coast,  the 
supposed  Archaean  terranes  are  less  contorted,  but  the  original 
planes  of  deposition  are  usually  not  apparent.    The  series  con- 
tains granites,  gneisses  and  schists,  but  never,  so  far  as  I  know. 
such  an  assemblage  of  formations  as  the  mica,  graphite  and 
hornblende  schists  of  the  Klamath  region,  and  so  perfectly  pre- 
serving in  considerable  areas  their  original  stratified  structure. 

The  general  appearance  of  the  series  is  similar  to  that  of 
the  Algonkian  formations  in  the  Appalachians,  lake  Superior 
region  and  the  Black  Hills  of  South  Dakota.  These  Algon- 
kian terranes  frequently  are  but  little  contorted,  lie  at  compara- 
tively low  angles,  display  evidence  of  their  clastic  nature  and 
original  stratification,  and  yet  are  highly  cr>'Stalline  in  charac- 
ter.   The  same  is  true  of  the  Klamath  schist  series. 

Opposed  to  the  idea  of  a  Cambro-Silurian  age  for  the 
Klamath  schists  is  the  presence  in  different  parts  of  California 
of  known  Silurian  and  Cambrian  strata  much  less  metamorphic 
in  character.  About  the  northern  end  of  the  Sierra  Nevada 
mountains  Diller  has  found  strata  whose  fossils  indicate  a 
Silurian  age.*  T^rom  the  description,  these  do  not  appear  to  be 
greatly  more  altered  tlian  the  Carboniferous  of  the  same  region 
or  the  Devono-Carboniferous  of  the  Klamath  region.  In  Inyo 
county,  there  have  been  found  Lower  Cambrian  strata,  also  not 
more  metamorphic  in  character  than  the  Devono-Carboniferous 
of  the  northern  part  of  the  state.f 

Yet,  in  other  parts  of  the  Sierra  Nevada  region  there  are 
schists  very  similar  in  character  to  those  discussed  in  this 
paper,  notably  in  the  Big  Trees  area.1i  It  is  usually  implied 
that  these  schists  are  only  more  altered  portions  of  the  Car- 

*  Descriptive  text  of  the  Ladwen  peak  folio.  U.  S.  Geol.  AtJua. 

+  Am.  Jour.  Set.,  vol.  xlix,  2396,  p.  141. 

t  Seventeenth   Annual  Report,  l\  S.  Geol.  Sur.,  p.  536.    Am.  Geot.  vol.  zHi, 
1894b.  p.  229. 
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boniferous  or  Jurassic  slates,  and  this  is  probably  true  of  them 
in  large  part.    Some  of  them  are  referred  to  as  possible  repre- 
sentatives of  pre-Cambrian  formations.     As  the  Klamath  re- 
gion is  merely  a  sort  of  outlier  of  the  Sierra  Nevada,  so  far  as 
its  stratigraphical  and  earlier  dynamical  geolc^^  is  conceme<l, 
it  is  probable  that  in  time  a  part  of  the  Sierra  Xevada  schists 
^11  be  definitely  separated  from  the  Carboniferous  and  Jurassic 
series  and  correlated  with  the  Klamath  schists. 

On  the  whole,  it  seems  impracticable  to  fix  upon  any  partic- 
ular part  of  the  time  between  the  Archaean  and  the  the  Devon- 
ian as  the  period  of  deposition  of  the  Klamath  schists,  but  I 
believe  the  evidence  favors  the  earlier  or  Algonkian  portion 
rather  than  the  Cambrian  or  Silurian,  althoug^h  I  should  not 
like  to  be  placed  on  record  as  correlating  these  schists  wnth  the 
Algonkian  in  any  other  than  an  extremely  problematical  way. 
Berkeley,  Cal.,  Jan.  3,  190 1. 


ON  THE   HELDERBERGIAN   FOSSILS  NEAR 

MONTREAL,  CANADA.* 

Bt  Cnaklxs  ScnrcRBKT.  Washin^on. 

St.  Helen's  Island  in  the  St.  Lawrence  river,  opposite  Mon- 
treal, and  now  one  of  the  public  parks  and  fortifications  of  that 
city,  furnishes  an  interesting  bit  of  geolog\'.  At  the  upper  ex- 
tremity of  the  island,  close  to  the  terry  landing,  is  seen  tho 
Utica  shale  cut  by  dikes  of  a  highly  altered  basic  rock  and  a!i 
intrusive  sheet  of  dioryte  laniphrophyr  (  =camptonytc),  and 
overlain  by  agglomerate  which  covers  almost  the  entire  island. 
Around  the  island  to  the  southeast  are  (xxasionally  found 
small  blocks  of  limestone  containing  Trentonian  fossils,  suo)i 
as  Plectambotiites  scriceus,  StropJioincua  iiicun'Ota,  and  nionti 
culiporoid  Br^ozoa.  Towards  the  southeastern  end  of  the 
island,  along  the  water  front,  occurs  the  Helderlxrgian  expos- 
ure. Loganf  describes  the  latter  as  follows:  "There  occur 
two  masses  of  dark  gray  fossiliferous  limestone,  weathering 
to  a  light  gray :  which  are  not  magnesian.  These  are  included 
in  a  length  of  about  forty  yards,  and  are  limited  on  the  easr 
side  bv  the  water  of  the  river:  thev  have  a  breadth  of  scarccb 

•  Published  by  permission  of  the  Secretarv  of  the  Smithsoni.in  Institntion. 
t  Geology  of  Canada,  1863,  pp.  356-358. 
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more  than  ten  feet,  and  appear  to  nin  under  the  dolomitic  con- 
glomerate {agglomerate]  on  the  west  side.  They  present,  in 
section,  the  appearance  of  two  small  arches  of  about  four  feet 
in  hight,  separated  from  one  another  by  a  few  feet  of  the  [ag- 
glomerate] ,  and  sinking  under  the  same  rock  on  the  north  and 
south.  "•'  "'  *  The  dolomite  [of  the  agglomerate]  and  the 
limestone  seem  to  pass  into  one  another  for  a  few  inches,  and 
show  no  tendency  to  separate  at  the  junction.    *    *    * 

"As  none  of  this  limestone  comes  from  beneath  the  [ag- 
glomerate] ,  where  this  reposes  upon  the  Utica  f romation,  it  is 
supposed  to  belong  to  a  small  disturbed  lenticular  portion,  lying 
in  or  under  the  [agglomerate].  Smaller  patches  of  the  same 
limestone,  a  few  feet  in  diameter,  are  seen  in  the  forty  yards 
north  of  the  two  chief  masses ;  and  the  whole  may  be  connected 
beneath.  There  are  other  masses  of  similar  limestone,  only  a 
few  inches  in  diameter,  which  are  completely  enveloped  in  the 
conglomerate." 

The  writer  made  two  visits  to  this  locality  in  August,  19CX). 
He  found  the  Helderbergian  limestone  considerably  broken  and 
disturbed,  with  all  the  crevices  filled  up  by  the  dolomitic  paste 
of  the  agglomerate  which  covers  the  island.  The  amount 
of  this  limestone  exposed  is  too  great  to  warrant  any  assump- 
tion other  than  that  it  represents  an  outlier  in  situ  above  the 
Utica,  having  been  subjected  to  seismic  action  shortly  before 
the  deposition  of  the  agglomerate.  The  stratification  of  the 
limestone,  as  seen  by  the  lines  of  fossils,  is  too  irregular  to 
make  out  the  general  lay  of  the  mass. 

In  the  grassy  slope  but  a  few  feet  away  from  the  Helder- 
bergian, there  is  a  large  block  of  a  slightly  granular  siliceous 
limestone  involved  in,  and  forming  a  part  of,  the  agglomerate. 
A  number  of  fossils  have  been  collected  from  this  block  and 
mixed  up  with  some  from  the  Helderbergian.  These  speci- 
mens, however,  by  their  color  and  preservation,  can  be  readily 
distinguished  from  those  of  the  Helderbergian  limestone,  and 
have  nothing  in  common  with  the  latter.  They  will  be  men- 
tioned again  later  on. 

THE  HELDERBERGIAN  FAUNA. 

In  the  Geology  of  Canada  cited,  Logan  lists  9  species  de- 
terniined  by  Billings.     It  is  not  necessary  to  reproduce  this  list, 
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as  Stropkonella  punctulifera  and  Rhipidomella  oblata  correctly 
indicate  "the  existence  of  the  Lower  Helderbergian  group  in 
two  or  three  small  outliers  in  the  great  western  basin  near  to 
Montreal." 

Subsequently,  J.  T.  Donald*  published  a  list  of  35  species, 
among  which  are  Orthis  hipparionyx,  0,  oblata,  O.  tubulostri- 
ata,  Strophomena  punctulifera,  S,  profunda,  Spirifer  concin- 
nus,  S.  cyclapterus,  Stricklandinia  gaspensis,  Pentamerus  ver- 
luuili,  P.  galeatus,  and  P.  pscudogaleatus.  Here  are  forms 
characterizing  the  Niagaran,  Helderbergian,  and  Oriskanian 
formations,  an  assemblage  never  met  with  in  America. 

In  1890,  Mr.  William  Deeksf  restudied  these  fossils  and  ex- 
tended the  list  to  44  species.  Here  again  appears  the  same  re- 
markable assemblage  first  noted  by  Donald.  In  1896,  the  fos- 
sils of  Donald  and  Decks,  now  in  the  Peter  Redpath  Museum, 
were  re-examined  by  Dr.  Ami,  who  published  a  list  of  45 
species.  1:  This  list  differs  greatly  from  those  previously  given, 
and  is  far  more  satisfactory,  as  the  species  included  are  appar- 
ently of  the  Helderbergian  or  Oriskanian  age,  excepting  a 
Spirifer  "very  much  like  S,  pcnnatiis  (=S,  mucronatus) .*' 
In  the  writer's  resume  of  the  American  Lower  Devonic 
faunas§,  it  is  stated  that  one  specimen  of  Spirifer  concinnus,  as 
identified  by  Donald,  "is  more  like  S.  Cumberland iae,  but  the 
bilobed  fold  of  the  dorsal  shell  is  a  character  which  associates 
his  species  with  S.  mucronatus  Conrad,  of  the  Hamilton."  As- 
suming at  that  time  that  all  the  St.  Helen's  Island  fossils  ar^e 
from  the  "conglomerate,"  and  as  Spirifer  mucronatus  and 
**Spirifer  apparently  near  S.  granulosus  Conrad"  indicate  a 
Middle  Devonic  formation,  that  age  was  accepted  for  the  "con- 
glomerate" and  Dr.  Whiteaves  was  so  informed.  The  latter,  in 
his  presidential  address  before  section  E  of  the  American  As- 
sociation for  the  Advancement  of  Science  II,  stated,  with  the 
pemiission  of  the  present  writer,  that  the  St.  Helen's  Island 
fossils  "are  probably  the  equivalent  of  part  of  the  Hamilton 
formation  of  Ontario  and  New  York,  and  not  of  the  Lower 
Helderberg."  It  is  true  that  Dr.  Ami  was  the  first  to  notice  the 
Spirifer  "very  much  like  5*.  pcnnatus"  but  he  made  no  correla- 

•  CAnadiMU  NMturaH»t,  n.  aer.,  ix,  1881,  pp.  302-304. 

t  Caaadiaa  Record  of  Scieace,  iv,  1800,  pp.  104-109. 

i  Aaa.  ftept.  Oeol.  Sarv,  Caaada,  n.  ser.  vii,  1896.  pp.  I5r>j-l56j. 

I  Ball.  Gtol.  Soc,  America,  1900.  p.  332. 

y  The  DerotUan  Syatem  in  Canada,  1896,  p.  16. 
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tion  from  it.  Finally,  in  the  paper  cited  above,  the  writer  statri 
— "Under  these  circumstances,  judgment  is  deferred  as  to  the 
age  of  the  conglomerate  on  Saint  Helen's  Island." 

After  an  examination  of  the  fossils  in  the  Peter  Redpath 
Museum  and  of  their  mode  of  occurrence  on  the  island,  the 
evidence  seemed  conclusive  that  true  Helderbergian  rodcs 
in  situ  do  occur  in  this  localitv,  and  that  some  of  the  ideu- 
tifications  of  Donald  and  Deeks  need  rectification.  Mr.  E. 
Ardley  of  the  Redpath  Museum  also  showed  the  present  writer 
a  small  slab  broken  from  the  siliceous  limestone  block  in  the 
agglomerate,  which  contains  several  well-preserved,  long- 
winged  Spirifers,  like  S.  pcnnatus.  Other  specimens  of  a  Spiri- 
fcr  from  the  same  rock  were  also  shown,  all  of  which  proved 
that  these  fossils  have  nothing  in  common  with  the  adjacent 
Helderbergian  fauna,  but  belong  to  one  of  Middle  Devonic  age. 
'i1ie  collections  in  the  17.  S.  National  Museimi  are  too  meager 
for  detailed  comparison,  and  in  this  article  the  writer  cannot 
do  more  than  correct  some  of  the  identifications  of  Donald  and 
Deeks,  while  pointing  out  the  probable  correlations  of  the  Saint 
Helen's  Island  fossil  faunas  with  those  of  New  York. 
"Heliolitcs/'  Decks. 

This  seems  to  be  based  on  a  Striatopora.     There  is  no 
Heliolitcs  in  the  locality. 
*'Ortliis  liippariouy*,^^  IXmald  and  Deeks. 

This  identification  is  an  error.  The  specimen  pertains 
to  the  same  form  as  the  "Spirifer  allied  to  S.  arcnosus.' 
Koth  these  identifications  are  based  on  a  Spirifer  appar- 
ently near  .S\  granulosus  Conrad,  and  5*.  eurytienes  Owen, 
of  the  Middle  Devonic.  The  specimens  are  from  the  blocV 
in  the  agglomerate,  and  have  no  connection  with  Helder- 
bergian fossils. 
RhipidoincUa  cfr.  musculosa  Hall? 

In  the  V',  S.  National  Museum  collection,  there  is  a 
fragment  of  a  large  Orthis,  or  rather,  Rhipidomella,  from 
the  Helderbergian,  which  may  be  this  species. 
RhipidomcUa  cfr.  musculosa  Hall? 

These  specimens  are  usually  smaller  than  those  from 
N\\v  York,  otherwise  they  are  alike  for  both  regions. 
"Stropho)nc)ui    profunda    Donald,    Strophodonta    profunda" 
Derks. 
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This  Niagaran  species  was  not  present  4n  the  Redpath 
collection   last   summer,   nor   is    it   listed   by   Dr.   Ami. 
Strophomena  profunda  must  therefore  be  removed  from 
the  Saint  Helen's  Island  Helderbergian. 
^•tropheodontaT'iirislriaia  \ar.  arata  Hall. 

The  National  Museum  specimens  of  this  form  are  poor, 
but  seem  to  agree  with  the  New  Scotland  variety  of  the 
species,  as  found  at  Becraft  Ml,  near  Hudson,  New  York. 
ttrophanelia  punctttlifera  (Conrad). 

The  specimens  thus  labeled  in  the  Redpath  Museum 
belong  to  an  Orlhis  near  oblata  and  a  Sirophcodonta,  prob- 
abaly  S.  varislriala  var.  arala.  However,  the  species  doubt- 
less occurs  on  the  island,  since  Dr.  Ami  has  it  in  his  list 
pirifer  coHcinntu  Hall. 

This  is  one  of  the  common  species  and  appears  in  its 
typical  form. 
Spirifer  murchisoni  Castelnau,  early  variet}-. 

This  is  the  commonest  fossil  of  St.  Helen's  Island, 
and  in  the  Montreal  collections  is  usually  found  labeled  as 
S.  cychpterus.  It  has,  however,  the  general  expression  of 
a  somewhat  under-sized  S.  nmrchisoni  from  Cumberland. 
MaPi'land.  It  differs  from  the  former  species  in  being,  as 
a  rule,  more  alate,  with  fewer  and  more  prominent  plica- 
tions. Tracing  these  early  departures  from  S.  cyttopicrus, 
the  progression  terminates  in  the  Upper  Oriskanian  in  the 
typical  S.  murchisoni  of  large  size,  extreme  inflation,  an- 
gulation of  the  plications,  fold,  and  sinus,  and  great  Un- 
gulate extension  of  the  ventral  shell. 
"Spirifer  allied  to  arcnasus"  Donald,  Decks,  and  Amo. 

This  is  apparently  the  earliest  form  of  the  5",  arenosus 
type.  However,  it  is  not  that  species,  since  when  small 
it  is  much  like  S.  cortcinnus,  but  towards  maturity  the  fold 
and  sinus  become  plicated.  Hall  and  Clarke  figure  a  sim- 
ilar specimen  as  S.  concinnus  (Pal.  N.  Y.,  VIH,  Pt.  II, 
pi.  30,  fig.  i).  In  5".  arenosus  of  the  Oriskanian,  the  hori- 
zon for  this'species,  the  plication  of  the  fold  and  sinus  is 
not  a  recently  acquired  character  for  it  appears  in  the  shell 
when  quite  small. 
"Stricklandinia  gaspensis"  Donald  and  Decks. 

The  specimen  in  the  Redpath  MtJseum  has  nothing  in 
common   with   this   species.     It    is   one   of   those   large 
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rhynclHMicttoi<ls  now  referred  to  Camarolhoechia  (Plrtkt- 
rhyncha),  nearest  to  C.  (P.)  pleiopleura  Hall.  Thisiscor 
of  the  interesting  representatives  of  the  Saint  Helen's  Isl- 
and Helderbergian  fauna  in  that  it  shows  transitkai  tao 
Oriskanian  fonns.  Dr.  Ami  has  likewise  noted  dnt  tft- 
cics. 
"Penlamerus  vcrncuili"  Donald  and  Deeks. 

Jf  Itased  on  the  specimen  thus  labeled  in  the  Redpitli 
Museum,  this  identification  is  an  error  for  Sptrifer  te^ 
cinniis. 
Gypidula  pscudagaleata  (Hall)? 

The  material  in  the  National  Museum  representiiig  tiiii 
species  is  very  imperfect,  but  it  shows  that  the  fonn  u  i 
Gypidula  without  plications.  Since  G.  pseudogoUatt  is 
the  (Mjly  Helderbergian  species  of  this  type,  the  St.  Helen'j 
Island  si)ccinifns  are  provisionally  identified  with  Hall'* 
species  so  characteristic  of  the  Becraft  limestone. 
Reitiselaeria  acquiradiala  Hall. 

The  single  ventral  valve  of  this  species  agrees  very  wdl 
with  the  New  York  s|>ccimcns  of  the  large  Helderbergiu 
t      (Becraft)  Rcnssdacria. 

Clwnoxtrophia  moHlrcalcnsis  n.  sp. 
Clironoxlrofbia  jercnsis  n.  sp. 


EXPLANATION   OF    FIGURES. 


i'igs.  a  and  b,  C.  montrcalciisis,  a,  ventral  aspect,  b,  surface  xS- 

I'ips.  c  and  d,  C.  Jcmcnsis,  c,  vfiitral  aspect,  d,  surface  X5.  Hie 

linos  but  ween  tliv  tigiires  illustrate  the  curvature  of  the 
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Of  the  first  species,  there  are  two  good  ventral  valves  which 
agree  well  with  small  C.  eomplanata  as  determined  by  Clarke.* 
The  Canadian  specimens,  however,  agree  best  in  size  and  form, 
with  an  undescribed  species  of  the  Helderbergian(Becraft  lime- 
stone) of  Port  Jervis,  New  York,  but  differ  in  the  far  fainter 
thread-like  striae  which  are  arranged  as  in  Raiinesqnina  alter- 
not  fL  yet  not  so  distinctly  bundled  as  in  Chonostrophia  reversa 
Whitfield,  of  the  Onondaga.  The  Port  Jervis  species  may  be 
known  as  C.  jervensis,  and  is  distinguished  by  its  size  and  flat- 
ness, but  particularly  by  the  equal,  sharply  elevated,  somewhat 
undulating,  and  regularly  disposed  striae.  It  generally  has  three 
prominent,  slightly  diverging,  cardinal  spines  on  each  side  ot 
the  ventral  beak,  but  there  are  also  specimens  with  four  spines, 
and  others  apparently  with  but  the  two  lateral  ones  prominent  - 
ly  developed.  In  C.  viontrealensis,  there  appear  to  be  four  sim- 
ilar cardinal  spines. 

Chonostrophia  begins  in  the  New  Scotland  zone  of  the 
Helderbergian  in  C.  helderhergiae,  and  continues  upwards  as 
folk)ws :  C  jervensis  in  the  Becraft  limestone,  C.  niontrealensis 
in  the  higher  Helderbergian,  C.  eomplanata  throughout  the 
Oriskany,  C  eomplanata  dazvsoni  in  the  Gaspe  sandstone  of 
Quebec,  and  C.  rez'ersa  in  the  Ohio  Onondaga  (Corniferous). 

MIDDLE  DEVONIC:   FAUNA. 

It  has  been  stated  (p.  248)  that  in  the  grassy  slope  and 
above  the  Helderbergian  rocks  in  the  agglomerate  of  Saint 
Helen's  island,  there  is  a  large  block  of  a  slightly  granular 
siliceous  limestone  containing  a  few  species  of  brachiopods 
usually  preserved  as  natural  moulds.  These  fossils  were 
heretofore  regarded  as  of  Helderbergian  age,  but  the  species 
are  different  and  indicate  a  more  recent  formation.  The  Na- 
tional Museum  collection  includes  the  following  forms : 
Dalmanella  planieonvexa  Hall  ? 

There  are  three  specimens  of  a  Dalmanella  present, 
which  seem  to  be  much  like  the  Oriskanian  variety  of  D. 
planieonvexa.  .  These  orthoids,  of  the  group  D.  tcstu- 
dinaria,  are  difficult  to  distinguish  unless  the  material  is 
good,  and  in  the  present  case,  therefore,  only  the  general 
aspect  can  be  indicated. 

•  Memo.  N.  Y.  State  Mua.,  Hi,  no.  3,  1900,  pi.  7.  fig.  7. 
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Spirifer  macro  Hall. 

This  is  the  shell  referred  to  bv  Dr.  Ami  and  the  writer 
as  like  5.  pennatHS'=S.  mucronatiis.  The  best  spcdmoii 
were  collected  by  Mr.  E.  Ardley,  and  are  noinr  in  the  Red- 
path  Museum.  The  shell  differs  from  the  long=-hiiiged 
Marcellus  variety  of  5".  pennatus  in  having-  a  wider  Tcntrai 
hinge  area  and  no  distinct  bilobation  of  the  ventral  medial 
fold,  characters  in  hamionv  with  5".  macro.  It  is  closdr 
related  to  5*.  pennatus,  but  more  directly  with  S.  macn, 
and  is  considerably  removed  from  S.  cumber  land  iae,  of  tbe 
Onskanian.  There  is  no  shell  in  the  Helderbergian  witik 
which  it  can  be  compared. 

Spirifer  cfr.  granulosus  i Conrad). 

Associated  with  5".  macra,  there  is  a  more  rotund  spe- 
cies, with  high,  slightly  incuned  ventral  area,  angular 
sinus,  and  prominent  dental  plates.  These  are  characters 
associated  with  S.  granulosus.  At  present  none  of  the 
specimens  of  this  species  are  at  hand,  and  no  identification 
can  be  made.  However,  it  undoubtedly  belongs  to  a  spe- 
cies in  the  Middle  Devonic. 

CONCLUSION. 

The  foregoing  evidence  shows  clearly  that  two  distinct 
faunas  are  represented  on  Saint  Helen's  island, — one,  the  Hel- 
derbergian, older  than  tlie  agglomerate,  and  another,  from  a 
block  in  the  agglomerate,  of  Middle  Devonic  age. 

The  Helderbergian  fauna  is  apparently  related  with  that 
of  New  ^'ork,  and  belongs  to  the  facies  occurring  on  the  west- 
ern side  oi  the  Appalachian  folds.  The  writer  has  collected 
this  fauna  at  1  )alhou>ie,  Xew  Brunswick,  and  from  the  Gaspe 
region,  Quel)ec.  and  both  are  *n  another  facies  and  belong  to 
another  basin. 

The  j^resence  of  RhipidomcUa  recalling  R.  musculosa;  Spiri- 
fer coucinnns:  an  early  variety  of  S.  murchisoni;  Spirifer  n.  sp., 
connecting  I)hyloj:^eneiioally  .S".  eoncinnus  and  5".  arcnosns: 
Cai:iiirof,tcchit!  plciifpleura :  Gypidula  pseudogaleata,  and 
Renssclacn'ii  arij!f{t\niiatj,  show  that  the  Saint  Helen's  Island 
Heklerberi^ian  is  not  a>  old  as  the  Xew  Scotland  zone.  Spin- 
fer  cn'c'ijjsiis,  and  e>iKcial!y  G.  pseudogaleata  and  R.  aequira- 
di.itii    ai\  cliaraoteristic  Decraft  zonal  species.     However,  the 
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Oriskanian  reminders,  like,  R.  near  musculosa,  S.  murchison, 
S.  near  arenosus,  prove  that  the  Saint  Helen's  Island  Helder- 
bergian  is  pretty  well  up  towards  the  top  of  the  New  York  sec- 
tion, and  may  represent  both  the  Becraft  and  Kingston  zones. 

Spirifer  maewa  and  S,  gramtlosus  establish  the  fact  that, 
in  the  region  of  Montreal,  there  was  once  a  formaticm  of  marine 
origin  later  than  the  Helderbergian  and  as  recent  as  the  Onon- 
daga* (Comiferous)  ;  further,  that  the  agglomerate  of  Saint 
Helen's  Island  and  other  places  about  Montreal  is  not  older 
than  late  Middle  Devonic  time.  Its  age  is  probably  more  re- 
cent, and  there  may  be  further  paleontologic  evidence  in  the 
ag^^lonierate. 


REVffiW  OF  RECENT  GEOLOGICAL 

LITERATURE. 


rite  Calcareous  Concretions  of  Kettle  Point,  Lambton  County,  Ontario. 
By  Reginald  A.  Daly.  (jour.  Geol.,  8,  135-150.) 
The  concretions  occur  in  a  horizontally  bedded,  fissile,  black, 
bituminous  shale  of  middle  Devonian  age.  They  are  approximately 
spherical ;  one  to  three  feet  in  diameter,  and  possess  a  radial  crystalline 
structure.  An  analysis  of  one  of  the  concretions  shows  88.42  per  cent, 
of  calcium  carbonate,  only  2.99  per  cent,  of  magnesium  carbonate,  and 
the  remainder  consists  of  iron  oxide,  insoluble  residue,  hydrocarbons 
and  water.  The  most  remarkable  feature  is  the  mechanical  displace- 
ment and  deformation  of  the  enclosing  shales  which  the  growth  of 
the  concretions  has  involved.  The  pressure  or  "live  force"  of  the 
growing  concretions  or  aggregate  of  spherical  radiating  crystals  has 
even  been  sufficient  to  induce  a  true  slaty  cleavage  in  the  shale  at  some 
points.  The  main  thesis  of  the  author  is  to  demonstrate  that  this  great 
centrifugal  pressure  is  compatible  with  the  persistence  of  the  capillary 
film  investing  the  growing  crystal  or  concretion  and  without  which 
its  continued  growth  would  be  impossible.  The  explanation,  which, 
it  would  seem,  must  be  generally  accepted,  is  based  upon  the  experi- 
ments of  Jamin  leading  to  the  conclusion  that  equilibrium  may  exist 
between  two  unequal  pressures  aflPecting  the  ends  of  a  capillar>'  tul)e, 
provided  a  column  of  liquid  occupying  the  tube  be  interrupted  by 
bubbles  of  air.  The  presence  of  the  latter  excites  capillary  attraction 
which  is  so  strong  as  to  take  up  several  atmospheres  of  pressure  ap- 
plied at  one  end  of  the  tube.  The  force  so  expended  is  represented  in 
the  compression  of  the  air  bubbles  and  in  changing  the  form  of  tlie 
air  menisci ;  surface  tension  is  thus  overcome.  The  movement  of  tlie 
bubbles  progressively  decreases  in  the  direction  of  the  greater  \nc^- 
sure  until  one  is  reached  which  is  not  di^^turbed  at  all  so  long  as  the 
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pressure  remains  constant.  The  bubbles  act  like  so  many  buffers. 
Any  capillafy  tube  filled  with  water  interrupted  by  any  insoluble  gas 
or  liquid  possessing  a  lower  surface  tension  than  water,  will  exhibit  the 
same  phenomenon.  w.  o.  c 

The  Granitic  Hocks  of  the  Pike*s  Peak  Quadrangle,     By  £dwau>  B. 
Mathews.  (Jour.  GeoL,  8,  214-240.) 

The  granites  are  regarded  as  of  late  Algonkian  age ;  and  four  types 
are  recognized,  differing  markedly  in  texture  but  agreeing  closely  in 
mineral  and  chemical  composition.    They  are  typical  biotite  granites. 
in  which  hornblende  rarely  occurs :  and  a  mechanical  analysis  of  thr 
coarse  Pike's  peak  type  gave:  quartz  33.4  per  cent;  microcline.  53-3; 
biotite  and   all    minerals    with    specific   gravity   above    3.0,    10.7;  and 
oligoclase,   2.6:   total,    100.00.    The  petrographic  descriptions   are  ac- 
companied by  tables  showing  for  the  different  types  the  relative  alMind- 
ance  of  the  sixteen  component  minerals,  and  the  relative  size  and  de- 
velopment of  the  three  essential  constituents.  Strangely  enough.  Auorite. 
which  occurs  in  three  of  the  four  types  and  is  very  marked  in  the  Sum 
mit  type,  is  not  mentioned  as  a  constituent  of  the  Cripple  Creek  type. 
notwithstanding  its  prominence  as  a  feature  of  the  Cripple  Creek  ore 
deposits.    Another  table  gives  the  chemical  composition  of  all  but  the 
Cripple  Creek  type,  in  four  of  Hillebrand's  complete  and  careful  anal- 
yses, with  determinations  of  seventeen  constituents.     When  the  indi- 
vidual analyses  and  their  average  are  reduced  to  molecular  proportions 
and  compared  with  analyses  (»f  other  granites,  the  Pike's  Peak  gran- 
ites are  seen  to  be  exceptionally  rich  in  silica  and  potassium,  as  well 
as  in  fluorine :  and  the  family  likeness  of  these  types  suggests  their 
origin  in  a  common  magma  relatively  rich  in  the  elements  named.    Al- 
though this  tends  to  make  the  relative  ages  of  the  types  of  little  mo- 
ment, it  may  Ik?  noted  that  on  page  223  the  Pike's  Peak  type  is  de- 
scribed as  clearly  the  oldest ;  while  on  page  228  this  di.stinction  is  as- 
signed to  the  Siunmit  type.     The  reviewer's  observations  in  this  field 
suggest  the  advisability  of  regarding  the  Pike's  Peak  type  as  the  nor- 
mal granite  of  the  batholith ;  the  Summit  type  and  the  Cripple  Creek 
types  a^  representing  a  once-continuous  contact  zone  of  the  batholitli, 
in  which  the  remnants  of  the  .Algonkian  cover  chiefly  occur;  and  the 
fine-grained  type,  which  occurs  only  as  dikes  in  the  other  types,  repre- 
senting residual  magma  intrusive  in  shrinkage  and  other  cracks.    Ac- 
cording to  this  view  the  contact-zone  types  are  the  oldest  and  the  fine- 
grained or  dike  types  the  youngest,  while  the  Pike's  Peak  or  normal 
type  is  intermediate,  having  solidified  after  the  contact  zone  by  which 
it  is  covered  and  before  the  dikes  ])y  which  both  it  and  the  contact  zone 
arc  intersected.     A»^  might  Ik?  expected,  the  gneissoid  phase  is  chiefly 
characteristic  ot  the  outer  or  border  i)ortions  of  the  massif. 

\v.  o.  c. 
Geoloiiy  of  the  Little  Helt  Mountains,  Montana,  u'ith  notes  on  the  Min- 
eral Deposits  of  the  Xeihart.  Barker.  Yojio  and  other  Districts.    By 
Waltkk   Harvkv   \Vkk[).     Aeeompanied  by  a  Report  of  the  Petro- 
'^raphy  of  the  Ii:neous  Rocks  of  the  District.     By  L  V.  PntssoN'. 
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f  Tft-rtifirt*  AtUMot  Report  U.  S.  Gfol.  ^urf.j:.     Pari   m  pp.  257- 
SSr,    With  43  pUtcs  ind  43  figures.) 

Tlir  slral^aphy  rapnscBts  the  same  general  coodilions  lliat  are 
found  in  the  rest  of  the  nstem  part  of  the  RocJcv  mountain  area  of  this 
state.  One  feature  of  especial  importance  is  -hown  in  the  Little  BeK 
J.  namely,  the  orerlap  of  the  Cambrian  beds  from  the  Algonk'sn 
in  the  south  to  the  Archcan  in  ihc  north. 

The  present  structure  and  altitude  of  the  Little  Belt  mountains  arc 
'due  10  an  uplift  and  folding  of  the  range  as  a  whole,  aecompanied  by 
a  coniemporaneons  intrtision  oi  large  igneous  masses  producing  minor 
iclding  and  faulting.  The  principal  fieak:  are  igncoDs  and  prc^nt  a  va- 
riety fil  types,  ^eetf,  laccoHl  is.  and  bysmalilh;  are  found,  all  throe 
fomis  grading  into  one  anoihci-.  Mr.  Weed  rtisaissct  nt  some  length 
the  origin  of  such  inlrusionti.  nmcluding  that  in  thi«  regiun  the  form 
1  fnnction  of  viscosity  of  lata,  of  resistance  of  overlying  bed»,  and 
of  the  ascensive  force. 

At  least  two  periods  of  igneous  actii  ity  preceded  the  uplift  of  the 
range.  The, uplift  was  accompanied  by  a  third  period  of  activity, 
wliicli  was  immediately  followed  by  the  formation  of  fisjur«  veins  in 
Vkhicli  the  ore  deposits  occur.  Infer^miiatly  these  ores  are  betievcd  to  be 
t'cretaceous.  Secondary  enrichment  has  played  an  unusually  im- 
paflAtit  part  in  the  development  of  some  of  the  ores. 

Professor  Pirsson's  report  embraces  a  detailed  description  of  Ihi^ 
petrography  of  the  region,  and  a  discussion  of  analysis  and  of  esti- 
mate^l  mineralngic^l  composition.  He  classifies  the  igneous  rockt  into 
four  groups: 

a.  Granular  non/i/trpliyritU  roftt.  of  plnicnic  origin,  inclniltng 
sycnile'i,  iiii>ii?iintlc-,  'liiTife'.  ;tii-!  -lj"nl.:nil(=  YuRO  pealt  -ihoni,  ;i> 
part  of  a  single  geologic  mass,  monionite  grading  into  syenites  on  the 
one  hand  and  into  shonkinite  on  the  other.  This  connection  is  interest- 
ing in  that  it  exhibits  in  the  field  the  grouping  which  Br^ger  has  sug- 
gested on  theoretic  grounds.  Monzonile  is  not  uncommon  in  the  west, 
appearing  in  companj  with  either  more  feldspar  or  more  basic  types. 
and   represents   the   portion   of   mean   composition   in   a   differentiated 

b.  Add  fridspaIkU  porphyries,  the  predominant  rock  of  the  lac- 
coliths and  of  a  considerable  portion  of  the  dikes  and  sheets.  Thes^' 
rocks  present  many  transitions,  the  transitional  masses  being  often  of 
more  importance  locally  than  the  commonly  known  types. 

c.  LampTophyres,  occurring  in  small  dikes  and  sheets,  and  includ- 
ing mincttcs.  vogesites,  and  analcite  basalts.  Variolitic  facies,  shown 
by  some  of  the  minettes  of  this  region,  is  described  as  of  a  spherulitic 
nature.  In  this  interpretation  the  author  agrees  with  thai  of  Pohlmann 
for  the  variolitic  facies  of  the  kersantites  of  Thuringia,  and  differs 
from  the  general  explanation  of  the  structure  offered  by  Rosenbutch 
in  his  (ext-book.  These  minettes  afford  no  evidence  of  the  action  of 
absorbed  aqueous  vapors,  as  described  by  Cross  and  by  Iddings  for 
sphemlites  in  acid  glassy  rocks. 
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d.    Effusive  rocks,  consisting  of  two  flows  of  basalt. 

The  average  composition  of  all  the  rocks  described  is  calctUatH 
to  be  that  of  an  acid  syenite  approaching  a  monzonite  in  character.  The 
rocks  of  the  laccoliths  here,  as  nearly  everywhere  in  the  Rocky  moun- 
tain region,  are  usually  porphyritic  and  acid.  They  are  typical  exam- 
ples of  Rosenbusch*s  granitic  porphyritic  dike  rocks,  which  are  hen 
typically  laccolitbic.  The  phenocysts  appear  to  have  been  formed 
where  they  now  are,  and  in  no  case  to  have  been  broug^ht  up  from 
greater  depths.  No  differentiation  has  been  noted  in  the  laccoliths. 
Yogo  peak  and  the  porphyries  east  of  it  are  examples  of  differentiatioii 
in  place,  the  centre  of  the  mass  being  acid  and  the  periphery  basic  The 
tendency  is  here  shown  for  acid  rocks  to  be  porphyritic,  and  basic  rocks 
under  the  same  conditions,  granular.  Chemical  composition,  not  depth 
of  intrusion,  is  seen  to  be  the  determining  factor  of  granularity. 

Numerous  small  syenite-aplite  dikes  cut  the  Yogo  mass.  They  rep- 
resent the  acid  residuum  forced  up  into  the  fracture  planes  of  the  upper 
and  previously  solidified  rock. 

The  report  closes  with  a  discussion  of  magmas  hj  graphic  methods, 
and  of  absorption  of  sediments  by  magmas.  The  chemical  composi- 
tions of  the  Yogo  peak  rocks  are  shown  to  bear  a  mathematical  relation 
to  one  another,  which  points  to  a  common  origin. 

This  area  presents  no  facts  in  favor  of  the  view  that  large  amounts 
of  sediments  may  be  absorbed  by  magmas  and  produce  alterations  in 
composition  of  igneous  rocks.  I.  H.  o. 

Notes  on  the  Limestones  and  General  Geology  of  the  Fiji  Islands,  with 

special  reference  to  the  Tazv  Group.    Based  upon  surveys  made  for 

Alexander  Agassiz.    By  E.  C.  Andrews.     {Bull.  Mus.  Comp.  Zool. 

of  Harvard  College.    Geol.  Survey,  vol.  v,  No.  i.     Pp.   1-46;  with 

40  plates.) 

This  paper  represents  a  more  careful  examination  of  some  of  the 
problems  suggested  to  Mr.  Agassiz  in  his  exploration  of  Fiji  in  the 
winter  of  1897-8.  Further  results  brought  in  by  the  W.  S.  F.  C.  S. 
**Albatros,"  yet  remain  to  be  worked  up.  Mr.  Agassiz  expects  shortly 
tD  publish  a  final  report  upon  the  islands. 

The  present  paper  consists  of  careful  descriptions  of  the  different 
beds  accompanied  by  excellent  illustrations  and  maps.  The  islands  arc 
a  group  of  atolls  whicli  in  Tertiary,  and  again  in  recent  time,  were 
subject  to  volcanic  activity.  The  limestones  are  indurated  in  some  lo- 
calities and  soapstonc  is  found.  There  is  a  decided  excess  of  igneous 
over  calcareou<  rock.  I.  n.  o. 

Contributions  to  the  Geology  of  Maine.     By  H.  S.  Williams  and  H.  E 

Gregory.     CBuL  l'.  S.  G.  S.    No.  165.) 

A  report  upon  the  fauna  of  Maine  was  greatly  to  be  desired  for  pur- 
poses of  comparison  ])et\vcon  I  lie  typical  forms  of  New  York  and  of 
Canada,  and  also  as  a  l)asis  of  correlation  between  American  and  Eu- 
ropean Paleozoic  phases.  This  paper  deals  with  sedimentary  areas  in 
Somerset  and  Aroc^^took  comities,  and  with  the  Aroostook  volcanic 
area. 
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Part  I,  by  Dr.  Williams,  deals  with  the  Paleozoic  fauna.  He  de- 
scribes the  fossils  from  various  formations,  giving  good  illustrations, 
but  reserves  more  detailed  descriptions  for  future  publication.  In  this 
paper  he  discusses  especially  phylogeny  and  variation.  The  boundary 
between  Silurian  and  Devonian  was  first  described  in  the  Welsh  series 
in  which  transition  was  from  calcareous  sediments  with  a  marine 
fauna  to  sandstone  with  brackish  fauna.  Dr.  Williams  now  deter- 
mines this  boundary  for  America.  The  Lower  Helderberg  in  the  in- 
terior is  closely  related  to  the  succeeding  fauna,  because  there  was  no 
radical  disturbance  in  the  marine  conditions.  It  is  the  Oriskany  fauna 
that  shows  evidences  of  a  disturbance  which  ended  in  uplifting  large 
areas  of  marine  surface;  and  this  formation  is  to  be  correlated  with 
the  Gedennian  of  the  Rhenish  provinces,  and  with  the  base  of  the  Old 
Red  sandstone  of  Great  Britain.  Thus  the  Lower  Heldeiberg  is  to  be 
located  positively  as  Silurian,  in  spite  of  the  Devonian  relationships  of 
its  New  York  fauna.  The  Gaspe  and  Square  Lake  limestones  of 
Maine  both  contained  evidence  of  New  York  Lower  Helderberg  fauna, 
and  both  occur  below  the  Devonian  boundary  line. 

It  is  to  be  regretted  that  Dr.  Williams  does  not  institute  a  compari- 
son between  the  Upper  Helderberg  fauna  and  that  of  the  Ludlow  beds 
of  England,  which  represent  the  typical  Upper  Silurian  as  defined  by 
Murchison  and  Sedg^'ick.  Since  the  Siluro-Devonian  boundary  may 
now  be  regarded  as  established  for  both  countries,  a  comparison  be- 
tween the  faunas  of  equivalent  beds  would  be  of  interest. 

Part  II,  by  Dr.  Gregory,  deals  with  the  volcanics  and  elastics  of  the 
Aroostook  country.  Northeastern  Maine  is  essentially  a  region  of 
sedimentary  rocks,  yet  such  igneous  rocks  as  there  are,  present  a 
number  of  well  defined  types,  and  considerable  variation  in  character. 
Dr.  Gregory'  discusses  fully  the  general  nature,  field  relations,  pctro 
graphy,  and  chemical  composition  of  the  volcanics.  The  elastics  are 
classified  on  a  petrographic  basis  and  mapped  from  this  standpoint, 
their  stratigraphic  relationships  being  left  until  further  evidence  is  ob- 
tained. The  structure  and  history  of  the  region  as  a  whole  are  not 
touched  upon. 

Part  III  consists  of  a  list  of  localities  where  outcrops  were  found. 
and  is  a  most  useful  addition  to  a  work  of  this  sort.  i.  h.  o. 

Geology  in  its  Relations  to  Topography.  By  T.  C.  Bran  nek.  With 
Discussion  and  Correspondence,  Trans.  Amcr.  Sac.  of  Civil  Engi- 
neers, XXXIX..  pp.  54-95. 

Complaints  are  often  heard  from  geologists  of  the  inaccuracy  of 
maps.  Mr.  Branner  strikes  at  the  root  of  this  matter  in  showing  the 
necessity  of  geological  knowledge  for  a  successful  topographer.  There 
is  at  present  no  physiographical  text  book  adapted  to  the  needs  of  en- 
gineers and  it  is  to  be  hoped  that  some  expert  in  geology  or  geoc^raphy 
will  soon  meet  this  demand.  Mr.  Branncr's  paper  contains  a  short  ac- 
count of  some  of  the  simplest  physiographic  features  and  supplies  in 
untechnical  language  valuable  information  in  regard  to  a  few  of  the 
problems  which  confront  engineers.  i.  h.  o. 
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Researches  on  the  Fistial  Organs  of  the  Trilobites.    By  G.  Lindstrom. 

Six  Plates.       (Kongl.  Svenska  Vetenskaps  Akad.  Handl.,  Bd.  34. 

No.  8.  J 

This  is  a  most  important  contribution  to  the  biology  of  the  trilobites. 
First,  because  it  challenges  proof  of  the  presence  of  eyes  in  many  spe- 
cies that  are  supposed  to  have  had  visual  organs,  denying  that  the  stnic- 
tures  that  have  been  taken  as  such  are  eyes.  And  secondly  because  it 
announces  the  discovery  of  true  eyes  on  the  hypostonae  of  many  spe- 
cies. 

Lindstrom  claims  that  the  assumption  that  because  a  trilobite  had 
an  **eye  lobe"  it  therefore  had  eyes  is  quite  without  foundation,  for  he 
teaches  that  this  **eye  lobe"  is  due  to  the  impact  of  the  free-cheek  at 
this  point  with  the  inner  cheek,  and. he  states  that  in  a  number  of  spe- 
cies which  he  has  examined  there  is  no  space  for  an  eye  between  the 
two  pieces  of  the  head  shield  which  there  come  in  contact.  The  oldest 
genera  with  true  eyes  on  the  cephalic  shield,  which  he  recognizes,  are 
such  of  the  Upper  Cambrian,  as  Petiera  Sphcerophthalmus  and  Ctino 
pyge.  In  the  Or.dovician,  Silurian  and  Devonian,  the  genera  in  which 
true  eyes  exist  on  the  head  shield,  are  multiplied.  There  is  an  interest- 
ing discussion  on  the  origin  of  the  facial  suture  with  applications  in 
Olenellus,  Paradoxides,  Liostraeus,  Solmopleura,  etc.  He  docs  not  rec- 
ognize the  presence  of  eyes  or  a  suture  in  Agnostus. 

Most  interesting  to  palaeontologists  is  the  announcement  that  the  tu- 
bercles or,  as  Mr.  Lindstrom  calls  them,  the  "macula"  in  the  anterior 
furrow  of  the  hypostonic,  as  seen  in  many  species,  had  ocular  proper- 
ties. Not  only  by  the  thinness  of  the  skin  over  these  spots,  but  by  the 
actual  presence  of  lenses  in  them,  has  he  proved  that  the  maculs  in 
many  species  possess  this  office.  This  discovery  of  this  condition  of 
the  maculae  was  made  by  his  draftsman  and  assistant,  Herr  G.  Lilje- 
vall.  Many  trilobites,  it  would  thus  appear,  had  eyes  below  as  well 
as  on  the  upper  side  of  the  hcadshield. 

This  important  memoir  is  fully  illustrated  with  six  admirable  plates 
and  several  text  figures ;  in  the  former  the  admirable  handiwork  of 
Herr  Liljevall  is  patent. 

That  this  work  is  founded  on  abundant  material  may  be  assumed 
when  it  is  stated  the  hypostomes  of  thirty-six  species  of  trilobites  have 
been  sectioned  for  investigation.  These  range  from  the  Cambrian  to 
the  Devonian. 

Herr  Lindstrom  considers  that  the  trilobite  eye  is  best  represented 
in  that  of  Apus  and  the  Isopod.  G.  F.  M. 


CORRESPONDENCE. 


On  the  Age  of  Certain  Granites  in  the  Klamath  Mountains. 
[Abstract.]  Small  batholyths  and  dikes  of  granite,  quartz-mica-dioryte 
and  intermediate  types  arc  shown  to  occur  at  various  places  in  the 
Klamath  region,  but  in  areas  quite  subordinate  in  extent  to  those  of 
the  metamorphic  rocks  in   which  they  have  been  intruded.    The  same- 
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region  contains  extensive  areas  of  serpentine,  and  instances  are  given 
of  the  granitic  rocks  having  been  intruded  into  the  serpentine  to  prove 
that  the  granites  are  newer,  in  accordance  with  the  determined  relations 
of  these  rock  types  in  the  Sierra  Nevada  region,  and  the  reverse  of  the 
supposed  relation  between  the  granite  and  serpentine  of  the  Coast 
ranges. 

The  black  slates  of  the  Klamath  region  are  divided  into  two  dis- 
tinct series,  referred  to  as  the  lower  slates  and  the  upper  slates.  The 
former  are  considered  Devono-Carboniferous  in  age,  being  in  part 
equivalent  to  the  Calaveras  formation.  The  latter  are  correlated,  on  the 
evidence  of  their  lithology  and  their  structural  relations,  to  the  lower 
slates  and  to  a  certain  extrusive  greenstone  formation  of  the  Sierra 
Nevada  region,  with  the  Mariposa  formation  of  late  Jurassic  age.  The 
intrusion  of  granite  occurred  later  than  the  deposition  of  these  upper 
slates.  Also  it  is  shown  that  the  granites  are  much  older  than  the 
Chico  formation  resting  on  them  as  they  must  have  suffered  much 
erosion  prior  to  the  Chico  epoch. 

It  is  finally  concluded  that  the  weight  of  evidence  places  the  gran- 
itic intrusion  just  about  at  the  close  of  the  Jurassic  period.  The  effect 
of  the  agreement  is  to  show  that  there  is  a  sound  basis  for  the  inference 
heretofore  entertained  that  the  Klamath  mountains  belong  rather  to 
the  same  system  as  the  Sierra  Nevada  instead  of  the  Coast  ranges,  and 
may  be  considered  a  sort  of  out-lier  to  the  former. 

Berkeley,  Cal.  Oscar  H.  Hers  he  v. 

A  Nation.\l  Museum  for  Canada.  The  growth  and  progress  of  the 
work  done  by  the  staff  of  the  Geological  survey  of  Canada  have  reached 
that  point  in  the  history  of  this  classic  state  institution,  which  dates 
from  1842,  when  the  headquarters  and  museum  on  Sussex  street  have 
l»ccome  not  only  over-crowded  and  limited  in  accommodation,  but  also 
positively  unsafe.  The  mass  of  specimens  displayed  has  lf)ng  ago 
reached  its  crisis,  and  special  orders  from  the  Honorable  the  Minister 
of  Public  Works  have  compelled  the  Museum  proper  to  he  lightenci 
as  far  as  possible.  Besides  this,  a  large  scries  of  wooden  posts — in 
the  neighborhood  of  si.xty — have  been  placed  at  proper  intervals  on  tlirc^ 
tioors  to  act  as  so  many  props  and  supports  for  the  collections  of  ores. 
niineral.N  and  rocks  of  economic  value,  etc..  in  the  Dominion  of  Can- 
ada. The  building  now  occupied  by  the  Staff  and  Museum  is  totally 
inadequate  for  the  requirements  of  the  times.  It  is  practically  impo-;- 
sihle  and  unsafe  to  exhibit  any  discovery  made  or  record  the  munerons 
finds  and  donations  received  in  a  tangible  or  accessible  manner.  There 
are  thousands  of  specimens  in  the  possession  of  the  Geological  Depart- 
ment which  are  rendered  quite  inaccessible.  f>wing  to  lack  of  space,  an^l 
an  eflfort  is  now  being  put  forth  towards  obtaining  a  suitable  and  fire 
pr(.>of  building  in  which  the  products  of  the  earth  in  Canada,  whether 
as  regards  its  mines,  forests,  and  waters,  will  be  exhibited  to  advantage. 

In  looking  over  the  Report  of  the  l'.  S.  National  Museum,  drawn 
up  by  the  Acting  Assistant  Secretary,  the  Hon.  C.  D.  Walcott,  the  vari- 
ous divisions  and  subdivisions  of  work  are  given  in  such  a  manner  as  to 
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indicate  clearly  the  line  in  which  it  is  confidently  expected  that,  at  no 
distant  date,  the  politicians  of  Canada  will  see  to  it  that  a  National 
Museum  will  be  established  at  Ottawa,  properly  equipped,  manned  and 
maintained. 

It  is  an  urgent  necessity  that  a  Central  Bureau  of  scientific,  in  other 
words,  exact  information  exist,  where  not  only  reports  upon  all  lands 
of  subjects  can  be  obtained  from  specialists,  but  where  a  record  is  kept 
of  information  gathered  and  specimens  obtained  during  explorations, 
researches,  and  studies,  in  connection  with  the  natural  resources  of  half 
a  continent. 

The  incalculable  value  of  the  National  Museum  to  the  United  States 
has  been  recognized  by  Congress,  and  it  is  hoped  that  Canadian  states- 
men will  sec  that  before  long  a  suitable  office  and  museum  buildings 
be  erected,  and  a  thoroughly  equipped  and  efficient  staff  established,  so 
that  the  wonderful  natural  resources  of  Canada  may  be  exhibited  to 
advantage  and  carefully  published  for  the  information  of  all. 

H.  M.  Ami. 

Geological  Survey  of  Canada,  Ottawa,  Feb.,  igoi. 
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PERSONAL  AND  SCIENTIFIC  NEWS. 


Mr.  H.  E.  GuEiifiKv  has  been  promoted  to  be  assii^laiil  pro- 
fessor of  physical  ge<^raph_v  at  Vale  University. 

Dr.  W.  B.  Scott,  professor  of  geology  in  Princeton  Uni- 
versity, expects  to  leave  for  South  .'Vnierica,  especially  for  Pal- 
agonia.  in  May. 

Mb.  E,  J.  Garwwiii  has  been  appointed  to  the  Yates  (Jolil- 
siiiid  chair  of  geology  and  mineralogy  at  L'niversity  College. 
London,  to  succetKi  Prof.  T.  G.  Barney. 

Geological  Sociktv  of  Washington.  At  the  meeting  of 
March  ijlh,  the  following  was  the  program :  "The  Soil  Survey 
of  Cecil  county,  Maryland,"  by  C.  W.  Dorsey;  "Discussion  "f 
gpeologic  units:  foniiation.  stage  and  ag«,"  by  Bailey  Willis,  H. 
S.  Williams  and  oll)ers. 

Geological  S<x:iETy  of  W.\.snm«:TON'.  .^t  th^  meeting  of 
March  27th  the  pn^ram  consisted  of  the  conclusion  of  the  dis- 
c;.ssion  of  gcolc^cal  units,  by  Messrs.  H.  S.  Williams,  C.  K. 
Van  Hise,  T.  C.  Chamberlain  and  others. 

Mr.  James  Bennie,  formerly  of  the  Geological  Survey  of 
Ct  Scotland,  died  on  January'  aSib.  He  conirihutwl  na|>ers  to  the 
r  Transactions  of  the  Geological  Societies  of  Edmhiirgh  and 
I  Glasgow,  and  two  vcars  ago  was  awarded  the  Mnicliison  fund 
'    bv  the  Geological  Society  of  London, 

Geological  Survey  of  Great  Britain  and  Ireland.  Mr. 
J.  J.  H,  Teall,  president  of  of  the  Geolf^ical  Society  of  Lon- 
don, has  been  appointed  director  to  succeed  Sir  Archibald 
(ieikie,  who  retired  on  February  28th  after  46  years  of  servicf 
on  the  Survey. 

School  Science  is  the  title  of  a  new  journal  devoted  to 
science  teaching  in  secondary  schools.  It  is  edited  by  C.  E. 
Linebarger  and  published  at  Unity  building.  Chicago.  There 
is  a  corps  of  associate  editors,  among  whom  are  E.  C.  Case 
(Geolc^y)  and  Wm,  H.  Snyder  (Geography). 

Thomas  Benton  Brooks  died  on  Nov.  22.  h/m.  Major 
Brooks  was  a  well-known  worker  iri  American  geology,  and  the 
work  for  which  he  will  he  most  frequently  praised  is  that  which 
he  did  in  the  iron  districts  south  of  lake  Sni>erior.  In 
Science  for  March  22nd  Mr.  Bailey  Willis  gives  a  sketch  of 
Major  Brooks. 

Dr.  Robert  Bell,  M.  D.,  L.L.  D.,  F.  R.  S.,  F.  G.  S.  has 
been  appointed  director  of  the  Geological  Survey  of  Canada, 
vice  G.  M.  Dawson,  deceased.  It  is  understood  that  Dr.  Bell 
will  soon  be  officially  gazetted  as  "director"  of  the  Canadian 
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IRIEF  BIOGRAPHICAL  SKETCH  OF 
ELKANAH  BILLINGS. 

'alaeontolofffit  to  the  Geological  Survey  of  Canada  from  1850  to  1S76. 

.By  Hbkky  M.  Ami,  Ottawa,  Canada. 

The  late  Elkanah  Billings,  who  for  twenty  years  was  pal- 
eontologist to  the  Geological  Survey  of  Canada,  and  was  the 
founder  of  the  Canadian  Naturalist  and  Geologist*  was  born 
in  the  township  of  Gloucester,  along  the  right  bank  of  the  Rid- 
eau  river  in  the  old,  and  now  demolished  Billings  homestead 
situated  a  few  yards  below  the  present  bridge  whieh  spans 
that  river  at  the  little  \'illage  of  Billings'  Bridge.  He  was  tlie 
second  son  of  Mr.  Bradisli  Billings,  whose  ancestors  came 
from  England,  while  those  on  his  mother's  side  came  from 
Wales.  His  grandfather  was  a  Brock ville  physician.  Dr.  El- 
kanah Billings,  after  whom  the  subject  of  this  sketch  was 
named.  Both  his  parents,  however,  were  born  in  the  United 
States,  his  father  in  Massachusetts,  and  his  mother  in  Xew 
York  state. 

From  Dr.  Whiteaves'  obituary  notice  of  Pllkanah  Hillinc^s 
the  following  extracts  are  made : 

**Elkanah  Billings,  our  esteemed  associate  for  so  many 
years,  w^as  born  at  the  family  homestead  on  the  5th  of  May» 
1820.  His  first  teacher  was  a  govttrness  (Miss  l^iurrit).  his 
next  a  family  tutor  named  Maitland,  and  he  afterwards  went 
to  three  small  schor.>ls  in  the  neighborliood.  kept  respectively 
by  Messrs.  Colquhoun,  Collins  and  FairtiL-ld.  In  1832  the 
youth  was  placed  at  Rev.  D.  Turner's  scliool  in  Hytown,  as  a 
day  pupil  and  after  four  years'  interval,  durin.i;  wliicli  he  re- 
mained at  home  on  the  farm,  his  parents  sent  him,  in  1837.  to 
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'.'    .":-   ." '-    ;v":r;'-  rr.rxrr:---'.  a  T:'ronto  lady,  a  ^:>:er  ■:: 
'   ■    .:   ■        :  :^-    ■-  ;.';:  .  V.':!-  r      Svf.veen  1845  ^"d  1S4S.  ht 

!;■.  ^  ..■:■:.  i.ri'.irs"  ^'e^^n  called   :o   the  bar  r 
■  -r.  !y:  r-.r::-  'Vc-I  to    Renfrew    where   :":■: 
:    ',-   ■*•--:  r.  -rr/i*.  I'lr.':.  18^2.  when  he  returned:* 
'■•r  -'  ■  :  :.:'  r.:r.-  '.va*  cncfaged  in  lonmalistic 

.1:  :  ■:■::;  ;/:r-::*  -  fl':  '■«>.:  v.  pi'':d  the  editorial  chair  0: 
•■/.I  '  '  ■  ■  :':-■:  •:.•■  :'::.]!  -■!'  ii*=2  until  late  in  18^^.  ^^a^.v 
■  ■"'  .]'.  !::!!:r  L—"  !■::'!::  u' .'iri-!'-- in  tlie  Citicca  of  those  day- 
•  .:.|,!;  '■■:  :>*f]ir.::i:-  ■i:-'|':i-it!'.'n*  on  p:eoloijical  topics  and 
:.!*.:! ;i:  !.:  ''tr  -•;1.'-'  :-.  v.hiiM^  srrvcd  to  indicate  the  trend  or 
V  ■,'i"i.<  >,]  i!.'-  wy.iu  v.ii-'rt:  ^tih-t-qiurnt  life  led  him  into  in- 
...:..  ■,!  •■:'■  lii'j!'.'-.?  -ii'-ntifi"'  ivpe.  whose  writings  are  now 
;■  '-i  :!i  !.:'.■:!'■-'  ■■-••■'■iii  and  well  known  the  whole  scientific 
..r'r|  ..  i  :  h  '.;i-  «'P:ri!iL:  thf-c  years  of  his  residence  in  By- 
•.,■'.  II  .»l.;ii  ii'-  1.--L::tTi  ill'-  -v-ti-niatir  studv  of  the  fossiliferous 
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■  1  ■'..    ■!•■..'■     .'■    .'   i"..--!!  ..il:;'.!:-*'  remains,  for  the  remain- 
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The  magnificent  collections  of  Crinoidea,  Cystoidca  and 
Asteroidea  from  the  Trenton  limestone  of  Ottawa,  that  are 
mow  exhibited  in  the  museum  of  the  Geological  Survey  of 
Oinada.  testify  to  his  remarkable  success  and  energies  in  these 
researches,  for  it  must  be  remarked  that  these  organisms  are 
exceedingly  rare  and  great  diligence  as  well  as  patience  must 
be  exercised  if  satisfactory  results  are  to  be  obtained. 

Early  in  1856  Mr.  Piillings  issued  the  first  number  of  the 
Canadian  Naturalist  of  which,  and  the  succeeding  niuiibers 
of  tha  first  volume,  he  was  practically  the  sole  contributor. 
The  production  of  this  number  marks  an  epoch  in  the  his- 
tory of  the  progress  of  scientific  research  and  discussion  in 
Canada.  Tlie  articles  contained  in  the  first  volume  of  thi- 
Canadiaii  :\atitralfSt  and  Geologist  at  once  stamp  Mr,  Bill- 
ings as  a  master  jn  description  both  of  fossil  organic  remains 
and  of  recent  natural  history  objects. 

Previous  to  the  issue  of  this  magazine,  Mr.  Billings  had 
been  brought  into  direct  commuiiicatioii  with  Sir  William 
Logan,  then  director  of  the  Geological  Survey  of  Canada,  and 
it  was  not  long,  yea,  but  few  months  elapsed,  until  the  latter 
with  his  usual  cicarsigh( 

Billings,  his  friend,  as  f 

vey  of  Canada.  It  wak  in  Ai^tist,  1856,  tliat  Mr.  Billing  en- 
tered  upon  his  duties  as  government  p^eontologist  and,  un- 
til his  death,  which  took  place  June  14,  1S76,  a  period  of  near- 
ly twenty  years  elapsed  in  which  he  worked  ceaselessly  in  the 
domain  of  paleontology,  and  in  assisting  his  chief  and  direc- 
tor in  assigning  geol<^cal  outcrops  to  the  various  geological 
horizons  of  eastern  Canada,  involving  numerous  and  difficult 
problems  which  made  it  a  task  of  no  mean  importance. 

His  first  geolc^cal  paper  was  published  in  April,  1854, 
and  was  entitled  "On  Some  New  Genera  and  Species  of  Cys- 
tidea  from  the  Trenton  Limestone."  It  was  published  in  the 
Canadian  Journal,  Toronto,  page  215.  On  removing  to  Mon- 
treal in  1856,  Mr.  Billings  removed  also  the  headquarters  of 
his  magazine.  The  Canadian  Naluralist  and  Geologist, 
from  that  date  on  was  published  in  Montreal  under  the  same 
designation  and  under  the  name  of  Canadian  Naturalist  and 
Q.  J.  So.,  until  1883,  when  it  was  superceded  by  the  Cana- 
4ian  Record  of  Science,  and  became  the  recognized  official 
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organ  of  the  Natural  History  Society  of  Montreal.  Of  this 
society  he  was  regularly  elected  a  vice  president  for  14  years, 
having  declined  the  office  of  president,  proffered  to  him  on 
many  occasions. 

In  1858  Mr.  Billings  made  a  visit  to  Europe,  where  he  came 
in  contact  with  leading  geologists  of  the  time  and  examined 
various  collections  in  geology  in  Great  Britain.     These  he 
studied  most  zealously  and  made  a  comparison  of  the  Silurian 
(including  both  the  lower  and  upper  Silurian  of  Murchison) 
and  Devonian  fossils  of  western  Europe,  with  those  of  Cana- 
da, and  arrived  at  the  conclusion  that  there  were  but  few 
species  identical  with  those  of  Canada.    In  April,  1858,  when 
in  London,  he  was  elected  a  fellow  of  the  Geological  Society 
of  London ;  Sir  Roderick  Murchison,  Professor  A.  Ramsay 
and  Professor  T.  H.  Huxley,  having  nominated  him.     He 
visited  Paris  where  he  met  a  number  of  distinguished  men, 
amongst  others  the  great  Bohemian  paleontologist,  the  Abbe 
Joachim  Barrande,  with  whom  and  in  conjunction  with  Sir 
William  Logan,  a  most  interesting  discussion  arose  regarding 
the  age  of  several  rock  formations  occurring  in  the  province 
of  Quebec,  to  which  Sir  William  Logan  gave  the  name  "Que- 
bec  Group*' — a   controversy   which   included  many    difficult 
problems  of  which  the  "Taconic  Question"  was  a  conspicuous 
factor. 

The  term  "Quebec  Group*'  will  invariably  be  associated 
with  the  excellent  work  performed  by  Sir  William  Logan  and 
Mr.  K.  Billings. 

In  1854,  two  years  before  his  appointment  on  the  Geolc^- 
cal  Survey  staff,  Mr.  Billings  accompanied  Mr.  James  Rich- 
ardson in  an  examination  of  the  fossiliferous  rocks*'Of  Point 
Levis,  Que. ;  in  tlie  following  year  he  also  accompanied  the 
same  field  ^ccilo^ist  in  his  explorations  at  Point  Levis,  Que.. 
and  Thetford,  in  ilie  township  of  Bosanquet,  County  of 
Lanibtoii,  Ontario. 

Of  Mr.  Billings'  work  prior  to  1863,  Sir  William  Logan 
i^^ives  the  followinp^  succinct  account  on  page  7  of  the  "Pre- 
face" in  his  "Geology  of  Canada,"  published  in  1863: 

"Mr.  Billings  was  appointed  paleontologist  to  the  survey 
in  1856  and  since  then  his  unremitting  attention  has  been  de- 
voted to  the  study  of  the  palaeozoic  fossils  of  Canada,  of 
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ivhich  very  ooosiderable  collections  have  been  made  in  our 
various  explorations. 

"Of  these  fossils  he  has  described  in  the  publications  of  the 
/  survey  and  in  the  scientific  journals  of  the  province,  526  spe- 
C  cies,  of  which  395  are  Lower  Silurian^  67  Middle  and  Upper 
..    SUnrian,  and  64  Devonian. 

''He  has  thus  greatly  facilitated  the  means  of  determining 
I    with  predsioa  the  limits  and  distribution  of  our  geolc^cal 
formations,  and  of  tiie  economic  substances  which  they  con- 
^   tmn.    In  order  to  insure  uniformity  in  the  paleontological  part 
r    of  this  woilc,  all  the  palaeozoic  fossils  mentioned  in  it  have 
',    been  submitted  to  the  inspection  of  Mr.  Billings,  and  the  spe- 
'^  cies  are  therefore  all  given  on  his  authority.    Of  the  described 
Lower  Silurian  species  found  in  Canada,  not  including  those 
of  the  Quebec  group,  he  has  prepared  a  catalogue,  showing 
their  vertical  distributioii,  and  referring  to  the  publications  in 
which  the  descriptions  and  figures  will  be  found.    This  cata- 
logue has  been  introduced  into  the  appendix  to  this  volume." 

Then  after  a  brief  sketch  of  the  early  studies  made  by  him- 
self in  the  "Quebec  Group''  of  rocks,  Sir  William  pdnts  out 
what  part  BilUngs  played  in  the  unravelling  of  that  interesting 
succession  of  palaeozoic  sediment.  He  goes  on  to  say :  ''But 
the  discovery  in  May,  i860,  of  the  Point  Levis  fossils  at  once 
enabled  Mr.  Billings  to  conclude  that  the  rocks  of  the  Que- 
bec group  must  be  placed  near  the  base  of  the  second  fauna 
of  Barrande  or  about  the  horizon  of  the  Calciferous  and 
Chazy  formation.  This  opinion,  our  subsequent  investiga- 
tions in  the  neighborhood  of  Lake  Champlain,  and  of  the 
Strait  of  Belle  Isle,  have  completely  borne  out,  and  there  now 
remains  little  doubt  that  the  attitude  of  the  rocks  in  question  in 
the  vicinity  of  Quebec  is  due  to  a  great  overlap,  which  runs 
from  southwest  to  northeast  through  the  whole  length  of  the 
eastern  part  of  the  province,  and  extends  in  both  directions  far 
beyond  it." 

The  above  serves  to  show  clearly  the  remarkable  work 
done  by  Billings  in  that  most  difficult  field  east  of  the  great 
Champlain,  St.  Lawrence  or  Appalachian  fault. 

His  critical  eve  detected  differences  where  thev  had  not 
been  seen  and  by  his  knowledge  the  vertical  range  of  fossil  re- 
mains was  firmly  established. 
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Notwithstanding  all  the  attacks  that  have  been  made  upon 
the  validity  of  the  term  "Quebec  Group,"  and  the  discussions 
on  its  significance,  it  is  as  truly  a  natural  group  or  division  in 
the  succession  of  paleozoic  sediments  in  eastern  Canada  today 
as  it  was  in  the  50's  and  6o's,  and  the  chapters  devoted  to  this 
most  important  study  in  the  "Geology  of  Canada"  for  1863. 
are  replete  with  wisdom  and  forethought. 

On  several  occasions  Mr.  Billings  made  extensive  collec- 
tions in  the  Silurian  as  well  as  in  the  Devonian  formations  of 
Ontario  and  in  the  vicinity  of  Montreal,  as  can  be  seen  from 
the  collections  now  in  the  geological  departmeht,  but  the  bulk 
of  his  time  was  devoted  to  the  deterrtiination  of  geological 
horizons  for  mapping  purposes  and  the  description  of  new 
genera  and  species  brought  in  to  the  department  by  the  va- 
rious field-geologists.  Of  genera  new  to  science,  Mr.  Bill- 
ings described  no  less  than  61  and  in  all  described  1,065  "^^^ 
species  of  fossil  organic  remains  from  various  horizons  in  the 
paleozoic  of  Canada.  He  also  contributed  many  papers  on 
natural  historv  and  zoology. 

He  did  much  in  assisting  Sir  William  Logan  to  establish 
and  build  up  the  geological  museum,  for,  besides  the  large 
nuniJKT  of  new  species  which  he  described,  he  identified  as 
many  more,  from  Canada,  with  forms  previously  described 
by  Conrad,  Hall,  Emmons,  Vanuxem  and  Sowerby,  and  other 
l)aleoniologisls  of  America  and  Europe. 

His  writings  indicate  a  clear. and  precise  mind,  coupled 
with  a  rare  judgment;  they  are  couched  in  a  phraseology  sim- 
ple but  to  the  point.  He  published  upwards  of  170  distinct  pa- 
I)ers,  memoirs  or  reports,  many  of  which  are  now  very  diffi- 
cult  to  obtain  or  entirely  out  of  print.  The  bulk  of  his  wiih 
ings  are  entbodied  in  the  reports  of  the  Geological  Survey  of 
Canada,  comprising  the  figures  and  descriptions  of  "Canadian 
I'V)Ssil  Organic  Remains,"  or  Decades  I,  3  and  4;  the  "Paleo- 
zoic P\)ssils,"  Xo].  r,  parts  i  to  5  ;  Pal.  fos..  Vol.  2,  part  i ;  part 
J  of  wliicli  last  is  .still  unpublished.  While  residing  in  Mon- 
treal he  was  a  constant  contributor  to  the  Canadian  Naturalist, 
he  also  wrote  important  i)a])ers  for  the  Awerican  Journal  of 
Science  and  .Irts,  Xew  1  faven.  the  Geological  Magazine,  Lon" 
•  Ion.  and  the  Journal  of  the  Canadian  Institute,  Toronto. 

Pie  was  an  indefatigable  worker ;  from  early  morning  till 


late  at  night  he  was  at  his  desk,  and  later  at  home  into  the 
hours  of  night  he  carried  on  his  studies,  and  thus  accomplished 
much  in  those  twenty  years  of  official  connection  with  the 
Geological  Survey  of  Canada. 

Billings  left  behind  him  a  large  amount  of  unfinished  work, 
numerous  and  important  lists  of  organic  remains  bearing  up- 
on the  geology  of  tlie  older  provinces.  Many  of  these  lists 
would  form  most  important  contributions  to  Canadian  geol- 
ogj-,  should  they  ever  be  published.  As  noted  by  Dr.  Whit- 
eaves  in  his  obituary  sketch  and  Jn  Alemoriam  paper.  Vol.  8, 
No,  5,  Canadian  XaluralisI  and  Quarterly  Jounial  of  Sci- 
^tKe,  p.  3<ji,  "Mr.  Billings  died  before  he  could  describe 
the  whole  of  the  material  he  had  studied  and  carefully 
examined,  including  collections  by  Sir  William  E.  Logan 
and  Professor  (now)  Dr.  Robert  Bell,  in  Gaspc.  by  Mr. 
T.  C.  Weston,  at  Arisaig;  T.  Curry,  at  Port  Daniel  and  Bay 
of  Chalewrs.  The  whole  of  the  materia!  from  these  localities 
had  been  carefully  examined,  and  it  only^  remained  to  write 
the  descriptions  of  the  different  species,  but  this,  alas,  he  was 
not  destined  to  accomplish."  Those  who  had  the  pleasure 
and  privilege  to  know  Mr.  Biilings^  state  that  he  was  char- 
acterized "by  great  firmness  and  decision  and  an  unswerving 
love  of  truth  and  jiistjce,  and  by  an  unaffected  and  winning 
nioilesty  of  demeanor." 

During  his  lifetime  Mr.  Billings  received  many  tokens  of 
appreciation.  In  1867  the  Natural  History  Society  voted  him 
its  silver  medal  for  "his  life-long  efforts  for  the  promotion  of 
science  in  Canada."  He  was  awarded  a  bronze  medal  {in 
Class  I.)  by  the  jurors  of  the  International  Exhibition  of 
London  in  1862,  and  a  similar  one  at  the  Paris  Exposition  of 
1867. 

To  do  him  honor  and  indicate  to  the  world  of  science  what 
Billings  did  for  Canadian  geology,  many  a  paleontologist  in 
America  and  Europe  has  described  genera  and  species  after 
him.  The  genera  Billingsia,  Billingstte,  Billingselia  and  El- 
kania  have  been  erected  by  Walcott,  Hall,  Ford  and  Hyatt, 
whilst  upwards  of  thirty  species  of  corals,  crinoids,  brachio- 
pods,  lamellibranchs,  molluscs,  cephalopods,  ostracods,  iri- 
lobites  and  other  fossil  organic  remains  bear  his  name. 
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and  Geol..  Vol.  i.  No.  3.  pp.  203-208.  June,  1856.  Montreal,   (With 

23   wood   cutsj, 
Natural   Historj-  of  the  Wolf,   fCanis   Lupus),  and  its  Varieties,  An. 

34.,  Can.  Nat,  and  Geol..  Vol.  1.  No.  3.  pp.  209-215.  June,  Montreal 
On  the  Foxes  of  British  North  America.  Art,  35..  Can.  Nat,  and  Geol.. 

Vol.   I.   No.  3    PP-  216-238.  June,  Montreal, 
On   the  Canadian   Otter,    (Luira  Canadensis).  Art,  36..  Can.   Nat.  and 

Geol,,  Vol,  I.  No.  3.  pp.  228-233.  June.  Montreal, 
On  the  Bob-link  or  Rice-bird,  (DoHchonyx  oritivora).    Art.  37,  Can. 

Nat.  and  Geol.,  Vol.  i.  No.  3.  pp.  232-237.  June.  Montreal. 
Natural  Hislonr  of  the  Wolverine  or  Carcajou,  (Gulo  Luscus).    Art. 

39.,  Can,  Nat.  and  Gcol.,  Vol.  1.   No.  4.  pp.  241-246.  September, 

Montreal. 
On  the  Loup  Cervier  or  Canadian  Lynx,   (Lynx  Canadensis),  and  the 

Bay  Lynx,  or  Wild  Cat  of  the  United  States,  fLynx  Rufus).     Art. 

40.  Can.  Nat.  and  Geol.,  Vol.  I,    No.   4,   pp.   247-252.     September. 

Montreal. 
Natural  History  of  the  Racoon,   (Procyon  Lolor).  Art.  41.,  Can.  Nat. 

and  Gcol.,  Vol.  i.  No.  4.  pp.  253-260.  September.  MontreaL 
On  some  of  the  Game  Birds  of  Canada.  Art.  44.  Can.  Nat.  and  Geol.. 

Vol.  J.  No.  4-  pp.  284-305.  September.  Montreal. 
On  the  Insects  injurious  to  the  Wheat  Crop.  Art.  45.,  Can.  Nat,  and 

Geol.,  Vol,  1.  No.  4.  pp.  306-312.  September.  Montreal. 
Description  of  Fossils  occurring  in  the  Silurian  Rocks  of  Canada.  Art. 

46.,   Can.   Nat.   and   Geol.,   Vol.    t.    No,   4.   pp.   312-320.    September. 

Montreal. 
On  the  Tertiary  Rocks  of  Canada,  wth  sonic  account  of  their  Fossils, 

Art.  47.,  Can.  Nat.  and  Geol..  Vol.  i.  No.  5.  pp.  321-346.  December. 

Montreal, 
On  the  American  Buffalo,  (Bison  Americanus).  Art.  48.,  Can.  Nat,  and 

GeoL,  Vol.  I.  No.  5.  pp.  ,146-353.  December.  Montreal, 
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On  the  Musk  Ox,  (Ovibos  moschatus).     Art.  49,  Can.  Nat  and  Geol, 

Vol.  I.  No.  5.  pp.  353-357.  December.  Montreal. 
The  Rocky  Mountain  Sheep,   (Ovis  montana).    Art.  50,  Can.  Nat  and 

Geol.,  Vol.  I.  No.  5.  pp.  357-360.  December.  Montreal. 
On  the  Skunk,   (Mephitis  chinga).    Art.  51,  Can.  Nat.  and  Geol.,  Vol. 

I.  No.  5.  pp.  360-364.  December.  Montreal. 
Un  the  Canada  Porcupine,   (Hystrix  dorsata).    Art.  52,  Can.  Nat.  and 

Geol.,  Vol.  I.  No.  5.  pp.  364-369.  December.  Montreal. 
On  the  Northern  Hare,   (Lepus  Americanus).  Art.  53.,  Can.  Nat.  and 

Geol.,  Vol.  I.  No.  5.  pp.  369-379.  December.  Montreal. 
On  the  Mammoth  and  Mastodon.    Art.  54,  Can.  Nat.  and  Geol.,  Vol. 

I.  No.  5,  pp.  379-;^90.     December,  1856.    Montreal. 

1857. 

On  the  several  Species  of  Squirrels  inhabiting  the  British  Provinces. 
Art.  57.,  Can.  Nat.  and  Geol.,  Vol.  i.  No.  6.  pp.  431-442.  Januarj*. 
Montreal. 

On  the  Great  Horned  Owl,  Bubo  Virginianus.  Art.  58.,  Can.  Nat.  and 
Geol.,  Vol.  I.  No.  6.  pp.  443-447.  Janaury.  Montreal. 

On  the  Snowy  Day  Owl,  Surnia  Nyctea.  Art.  59.,  Can.  Nat.  and  Geol.. 
Vol.  I.  No.  6.  pp.  447-450.  January.  Montreal. 

The  Enemies  of  the  Wheat  Fly.  Art.  60.,  Can.  Nat  and  Geol.,  Vol.  i. 
No.  6.  pp.  450-457.  January.  Montreal. 

Natural  History  from  "Glaucus,  or  the  Wonders  of  the  Shore."  Art. 
61.,  Can.  Nat.  and  Geol.,  Vol.  i.  No.  6.  pp.  457-464. 

Lawrcncian  formation.  Can.  Nat.  and  Geol.,  Vol.  i,  No.  6,  Januar>', 
^^S7f  P-  464,  Montreal. 

Fossils  of  the  Hamilton  Group.  Art.  63.,  Can.  Nat.  and  Geol.,  Vol.  i. 
No.  6.  pp.  472-479.  January.   Montreal.  • 

New  Species  of  Fossils  from  the  Silurian  rocks  of  Canada.  Report  of 
Progress  Geol.  Sur.  Can.  1853-54-55-56.,  pp.  256-345.,  Toronto. 

Report  for  the  vear  1856  of  E.  Billings,  Esq..  Palaeontology,  addressed 
to  Sir  Win.  E.  Logan.  Prov.  Geologist,  Geological  Survey  of  Can- 
ada. Report  of  Progress  for  years  1853-54-55-56,  pp.  247-345.  To- 
ronto. 

1857- 

On  the  great  iron  ores  of  Canada  and  the  cost  at  which  they  may  be 

worked.  Can.  Nat.  and  Geol.,  Vol.  2.  No.  i.,-Art.  3.  pp.  20-28.  March, 

1857.  Montreal. 
On  tlie  Natural  History  oi  the  Rosignol  or  Song  Sparrow.  Fringilla 

nielodia.  Can.  Nat.  and  Geo!.,  Vol.  2.  No.  i.  Art.  7.  on.  47-52.  March. 

1857.  Montreal. 
1  lie  late  Mr.   Hugh  ^Nliller.     Can.   Xat.  and  Geol.,  Vol.  2,   No.   i.  uu. 

()6-j2.     March.   1857.     Monteral. 
Xotes  on  the  Natural  Historv  of  the  Mountain  of  Montreal.  Can.  Nat. 

and  Geol.,  Vol.  2.  No.  2..  .\rt.  10.  pp.  92-101.  May,  1857.  Montreal. 
The  Muskrat.   (Fiber  Zibeihicns).  Can.  Nat.  and  Geol.,  Vol.  2.   No.  2. 

An.  12.  pp.  T06-TTI.  May.  1857.  Montreal. 
On  ihe  Wood-Chuck,  ('Arc'tomys  MonaxV  Can.  Nat.  and  Geol.,  Vol.  2. 

No.  2.  Art.  i.^  pp.  ri2-ii6.  ^lay,  1857.  Montreal, 
(^n   tlie   Fisher  or   Pekan.   "Pennant's   Martin**    (Mustela   Canadensis^ 

Can.  Nat.  and  Geol..  \'ol.  2.  No.  2.  Art.  14,  pp.  116-119.  May,  1857. 

^ToIltreal. 
On  the  Reaver.  Ca.stor  fiber.  Can.  Xat.  and  Geol.,  Vol.  2.  No.  2.  Art.  15. 

I>p.  120-127.  May.  1857.  Montreal. 
On  ijie  Genera  of  Fo«i«il  Ceplia]o]>oda  occurring  in  Canada.    Can.  Nat.  and 

r.eol.   \'o].  2.  Xo.  2.  Art.  17.  pp.  i  ^^-138.  pi.  2.  Mav.  1857.     Montreal. 

Plate  2. 
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Description  of  some  fresh  water  Gasteropoda  inhabiting  the  Lakes  and 

Rivers  of  Canada.    Can.  Nat.  and  Geol.,  Vol.  2.  No.  3.  Art.  22.  pp. 

195-215  (printed  115).  July.  1857.  Montreal. 
On  the  Order  Lepidoptera  with  the  description  of  two  species  of  Cana- 
dian Butterflies.  Can.  Nat.  and  Gepl.,  Vol.  2.  No.  3.  Art.  23.  pp.  215 

(printed  115)  226.  July,  1857.  Monfreal. 
Eleventh  Meeting  of  the  American  Association  for  the  Advancement  of 

Science.  Can.  Nat.  and  Geol.,  Vol.  2.  No.  4.  Art.  24.  pp.  242-29^. 

September,  1857.  Montreal. 
Description  of  four  species  of  Canadian  Butterflies.  Can.  Nat.  and  Geol., 

Vol.  2.  No.  4.  Art.  27.  pp.  310-318.  September,  1857.  Montreal. 
Description  of  four  species  of  Canadian  Butterflies,  (Continued).  Can. 

Nat.  and  Geol.,  Vol.  2.  No.  5.  pp.  345-355.    (Art.  31).  November, 

1857.   Montreal. 
Farther  Gleanings  from  the  Meeting  of  the  American  Association  In 

Montreal.  Can.  Nat.  and  Geol.,  Vol.  2.  No.  5.  Art.  32.  pp.  355-359. 

November,  1857.  Montreal. 
Abstract  of  Professor   Ramsay's   paper  on  the   Geological   Survey  of 

Great  Britain.  Can.  Nat.  and  Geol.,  Vol.  2.  No.  5.  Art.  33,  pp.  359- 

365.    November,  1857.    Montreal. 
Abstract  of  Dr.  Rae's  account  of  the  Expedition  in  search  of  Sir  J. 

Franklin.  Can.  Nat.  and  Geol.,  Vol.  2.  No.  5.  Art.  34.  pp.  365-369. 

November,  1857.  Montreal. 
On  the  Star-Nosed  Mole  of  America.  Can.  Nat.  and  Geol.,  Vol.  2.  No. 

6.  Art.  38.  pp.  446-448.  December.  1857.  Montreal. 
On  the  Mink,   (Putorius  vison).    Can.  Nat.  and  -Geol.,  Vol.  2,  No.  6. 

Art.  39.  pp.  448-455.  December,  1857.  Montreal. 
The  Common  Weavel,  (Putorius  erminea).  Can.  Nat.  and  Geol.,  Vol.  2, 

No.  6.  Art.  40.  pp.  455-462.  December.  1857.  Montreal. 
On  the  Pine  Marten,  (Mustela  martes).  Can.  Nat.  and  Geol.,  Vol.  2. 

No.  6.  Art.  41.  pp.  463-464.  December.  1857.  Montreal. 

1858. 

Professor  Owen  on  the  classification  of  mammalia.  Can.  Nat.  and  Geol., 
Vol.  3.  No.  I.  Art.  7.  pp.  51-63.  February,  1858.  Montreal. 

Geological  Gleanings.  Can.  Nat.  and  Geol.,  Vol.  3.  No.  2.  Art.  14.  pp. 
122-139.  April.  1858.  Montreal. 

Geological  Gleanings.  Can.  Nat.  and  Geol..  Vol.  3.  No.  3.  Art.  18.  pp. 
182-192.  June,  1858.  Montreal. 

On  the  Cystidea  of  the  Lower  Silurian  rocks  of  Canada.  Geol.  Sur. 
Can.,  Figures  and  Descriptions  of  Canadian  Organic  Remains.  De- 
cade 3.  Montreal. 

Xew  Genera  and  Species  of  Fossils  from  the  Silurian  and  Devonian 
formations  of  Canada.  Can.  Nat.  and  Geol..  Vol.  3.  No.  6.  Art.  34. 
pp.  419-444  December.  1858.  Montreal. 

1859. 

Report  for  the  year  1857.  Geol.  Sur.  Can.,  Report  of  Progre^is.  1857, 
pp.  147-IQ2,  with  24  figures. 

On  Some  New  Genera  and  Species  of  Brachiopnda  from  the  Silurian 
and  Devonian  rocks  of  Canada.  (From  the  Rep.  G.  S.  Can.  for  1858. 
not  printed  in  this  Rep.,  however).  Read  before  Nat.  Hist.  Soc.  of 
Montreal,  March  28th.  1859.  Can.  Nat.  and  Geol..  \'ol.  4.  No.  2.  pp. 
I3I-I.35-  April,  1859.  Montreal. 

Description  of  a  New  Genus  of  Brachiopoda  and  on  the  Genns  Cyrto- 
donta.  Can.  Nat.  and  Geol..  (From  Rep.  Geol.  Snr.  for  1858-59,  un- 
published). Vol.  4.  No.  4.  pp.  301-303.  August.  1859.  Montreal.  \ 

Fossils  of  the  Calciferon<i  Sandrock  including  tho^c  of  a  Deposit  of 
White  Limestone  at  Mingan  supposed  to  belong  to  this  formation. 
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Can.  Nat.  and  Geol.,  (Extracted  from  the  Rep.  Geol.  Sur.  Can.  1838- 
1859,  but  not  printea)  \  ol.  4.  No.  5.  pp.  345-3^-  October,  1859.  Mon- 
treal. 

Fossils  of  the  Chazy  Limestone  with  Descriptions  of  New  Species.  Can. 
Nat.  and  Geol.,  (.Extracted  frop  Rep.  Geol.  Sur.  Can.  1858-1859, 
but  not  printed  in  this  Rep.),  vol.  4.  No.  6.  pp.  426-470,  December. 
1859.  Montreal. 

Artypa  heninicata,  Can.  Journ.,  new  ser.,  Vol.  4,  p.  316,  1859.    Toronto. 

i860. 

Note  on  Conocephalites,  Addendum  to  Description  of  a  New  Trilobite 
from  the  I'oisdam  Sandstone,  by  F.  H.  Bradley.  Amer.  Journ.  Sc., 
Vol.  30.  2na  series,  pp.  242-243.  New  Haven,  Conn.,  U.  S.  A. 

Description  ot  Some  New  Species  of  Fossils  from  the  Lower  and  Mid- 
dle Silurian  Rocks  of  Canada.  (From  the  Rep.  of  the  Geol.  Sur. 
for  i8bo,  no  such  report  published).  Can.  Nat.  and  (jeol.,  Vol.  5.  No. 
1.  Art.  0.  pp.  49-69.  Montreal. 

On  the  Fossil  Corals  of  the  Devonian  Rocks  of  Canada  West.  (111.) 
Can.  Journ.  Series  2.  Vol.  4.  pp.  97-140.  Toronto. 

On  the  Fossil  Corals  of  the  Devonian  Rocks  of  Canada  West.  (111.) 
Can.  Journ.  Series  2.  Vol.  5.  pp.  242-282.  Toronto. 

On  the  Fossil  Corals  of  the  Devonian  Rocks  of  Canada  West.  (111.) 
Can.  Journ.  Series  2.  Vol.  6.  pp.  138-148.  Toronto. 

"Canadian  Geology  and  a  Supplementary  Chapter  Thereto,"  Rewiew  of. 
Can.  Nat.  and  (jeoL,  Vol.  5.  No.  6.  Dec.  i86o.  pp.  450-455.  Montreal. 

"Description  of  a  new  Palaeozoic  Starfish  of  the  (jenus  Palaeaster  from 
Nova  Scotia."  Can.  Nat.  and  Geol.,  Vol.  5.  No.  i.  Art.  7.  February, 
i860,  pp.  69-70. 

On  Some  New  Species  of  Fossils  from  the  Limestone  near  Point  Levis 
opposite  ()uebec.  By  E.  Billings.  Can.  Nat.,  Vol.  5,  p.  301.  i860. 
August,  i8i6o.  24  pp.  Date  and  place  of  publication  not  indicated  in 
extras. 

On  the  Fossils  Corals  of  the  Devonian  Rocks  of  (Canada  West.  (111.) 
Can.  Journ.  series  2.  Vol.  6.  pp.  253-274.  Toronto. 

On  the  Fossils  Corals  of  the  Devonian  Rocks  of  Canada  West.   (III.) 
Can.  Journ.  Series  2.  Vol.  6.  pp.  329-363.  Toronto. 
(Also  published  as  Extract  from  the  Report  of  the  Geological  Sur- 
vey of  Canada  for  i860.  41  pp.) 

On  the  Devonian  Fossils  of  Canada  West.  Can.  Journ.  N.  S.  Vol.  5.  pp. 
249-282,  May.  Toronto.  Issued  separate,  99  pp.  of  which  pp  1-34 
(l)otli  inclusive)  were  published  in  i860  in  Vol.  5.  Can.  Journ.;  the 
rest  in  1861  in  Vol.   6  of  the  same  Journal. 

1861. 

On   tlie  occurrence  of  Graptolites  in  the  base  of  the  Lower  Silurian. 

Canad.  Nat.,  Vol.  6.  pp.  344-348,  1861.     Montreal. 
On  the  Devonian  Fossils  of  (Tanada  West.  Can.  Journ.  N.  S.  Vol.  6.  pp. 

138-148.  March.  Toronto. 
On  the  Devonian  Fossils  of  Canada  West.  Can.  Journ.  N.  S.  Vol.  6. 

pp.  253-274.  May.  Toronto. 
On  the  Devonian  Fossils  of  Canada  West.  Can.  Journ.  N.  S.  Vol.  d 

pp.  239-363.  plate  1.  July.  Toronto. 
On  the  Age  of  the  Red  Sandstone  formation  of  Vermont.  Amer.  Journ. 

Sc.  Art.  31.  Ser.  2.  Vol.  32.  pp.  232.  November.  1861.  New  Haven. 

Conn.  U.  S.  A. 
On  the    Devonian    Fossils   of    Canada  West.    (Extracted  from  the  Re- 
port of  the  (leolojfical  Survey  of  Canada  for  i860,  in  preparation. 
Published  in  the  Canadian  Journal  as  follows:     Pages  i  to  34,  in- 
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eluding  A.  Chloe,  May  i860 ;  pages  34  to  44,  March  1861 ;  pages  45- 
65,  May  1861 ;  pages  66  to  99,  July  1861.)  Toronto. 
Note  on  Conocephalites,  Addendum  to  Description  of  a  new  Trilobite 
from  the   Potsdam   Sandstone  by   F.   H.   Bradley.    (Republished) 
Proc.  Amer.  Assoc  Adv.  Sc.  Vol.  14.  pp.  161 -166.  (3  wood  cuts). 

1.  On  Some  New  or  Little  Known  Species  of  Lower  Silurian  Fossik 

from  the  Potsdam  Group  (Primordial. Zone).  In  "Appendix"  to  Rep. 
on  the  Gto\.  of  Vermont.  Vol.  2.  pp.  942-955.  Fig.  341-365.  (Includes 
description  of  Astylospongia  parvula,  from  the  Trenton  Formation 
of  Ottawa,  Can.)  1861,  Claremont,  New  Hamshire. 

2.  On  Some  New  Species  of  Fossils  from  the  Calciferous,  Chazy, 
Black  River  and  Trenton  Formations.  In  "Appendix  to  Report  on 
the  Geol.  of  Vermont.,  Vol  2.,  pp.  955-960.  Claremont,  New  Hamp- 
shire. 

1.  On  Some  now  or  little  known  Species  of  Lower  Silurian  Fossils 
from  the  Potsdam  Group.  (Primordial  Zone.)  Geol.  Surv.  of 
Can.,  Pal.  Foss.,  Vol.  i.,  pp.  1-18.    Nov.    Montreal. 

2.  On  some  new  Species  of  Fossils  from  the  Calciferous,  Chazy,  Black 
River  and  Trenton  Formations.  Geol.  Surv.  Can.  Pal  Foss.,  Vol. 
I.,  pp.  18-24,,  Montreal. 

Note  on  a  New  Genus  of  Brachiopoda.  Can.  Journ.,  Vol.  6,  pp.  148- 
149     Toronto. 

1861. 

"Description  of  the  New  Species  of  Lingula  referred  to  in  the  forego- 
ing paper."  Can.  Nat.  &  Geol.,  Vol.  6,  pp.  150-151,  (1861).  Mon- 
treal.   Lingula  Eva. 

On  Some  of  the  Rocks  and  Fossils  occurring  near  Phillipsburg,  Can- 
ada East.  Can.  Nat.  &  Geol.,  Vol.  6.  Art.  23,  pp.  310-3^8.  With  six 
engravings. 

1.  Magnesian  Limestone  and  Underlying  Slate.,  pp.  310-31 1. 

2.  Blue,  thin-bedded  and  Nodular  Limestones,  pp.  311-315. 

3.  Description  of  Some  of  the  New  Species  referred  to  in  the 

foregoing  paper,  pp.  316-323. 

4.  Grey  and  Red  Sandstones,  Aug.,  1861,  pp.  323-328.  Montreal. 

1862. 

Remarks  upon  Prof.  Hall's  recent  publication,  entitled  "Contributions 

to  Palaeontology."    Can.  Nat.,  Vol.  7,  pp.  389-393.  1862. 
^.    On  some  new  Species    of    Fossils    from    the    (Talciferous,     Chazy, 

Black  River  and  Trenton  Formations.   Geol.  Surv.  Can.,  Pal.  Foss., 

Vol.  I.,  pp.  24-56,    Montreal. 
On  the  Date  of  the  recently  published  Reports  of  the  Superintendent 

of  the  Geological  Survey  of  Wisconsin,  exhibiting  the  progress  of 

the  work.    Jan.  i,  1861.    Madison,  Wis.:  E.  A.  Calkins  &  Co.,  State 

printers,  pp.  52  8vo.     Amer.  Journ.  Sc,  Ser.  2,  Vol.  33.  pp.  420-421. 

May,  1862.  New  Haven  Conn.,  U.  S.  A. 
Correction  of  the  Article  on  the  Red  Sandrock  in  this  volume,  page 

100.  Amer.  Journ.  Sc,  Ser.    2.    Vol.    3^.    pp.    421-422.     May,    1862. 

New  Haven,  (Zonn.,  U.  S.  A. 
Further  Obser\'ations  on  the  Age    of    the    Red    Sandrock    Formatio?. 

(Pot.sdam  Group  of  Canada  and  Vermont.     Amer.  Journ.  Sc.  V'ol. 

33*  2nd  series,  pp.  10D-105.     New  Haven,  Conn. 
On  Some  New  Species  of  Fossils  from  the  Q^^hec  Group.    Geol.  Sur. 

Can.  Pal.  Foss,,  Vol  i,  pp.57-96.     (June,  1862.)     Montreal. 
New  Species  of  Fossils  from  different  Parts  of  the  Lower.  Middle  and 

Upper  Silurian  Rocks  of  Canada.   Part  4.     Geol.    Sur.   Can..    Pal. 

Foss.,  Vol.  I.,  pp.    96-185.    (pp.    96-168,    June.    1862.)    pp.    169-185. 

(1865).    Montreal. 
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1863. 

On  the  Genus  Centronella  with  Remarks  on  some  of  the  Genera  of 
Genera  of  Brachopo^.  Amer.  Jour.  Sci.,  \'ol.  36,  pp.  236-240. 
New  Haven,  Conn.,  UT.3.  A. 

•Catalogue  of  the  Lower  Silurian  Fossils  of  Canada,  not  including 
those  of  the  Quebec  Group.  Geology  of  Canada,  Geol.  Sur.  Can, 
1863.  pp.  937-954-     Montreal. 

Geology  of  Canada.  Report  of  Progress  from  its  commencement  to 
1863.  Geological  Survey  of  Canada,  1863.  (Palaeontology  by  EL 
Billings.)  pp.  1-453.    (A  large  proportion  of  the  volume.)     Montreal. 

Description  of  some  new  Species  of  Fossils  with  Rmarks  on  others  al- 
ready known,  from  the  Silurian  and  Devonian  Rocks  of  Siaine. 
Proc.  Portland  Soc.  Nat.  Hist.,  Vol,  i.,  pp.  104-126.     Portland,  Me. 

On  the  Parallelism  of  the  Quebec  Group  with  the  Llandeilo  of  Eng- 
land and  Australia,  and  with  the  Chazy  and  Calciferous  Forma- 
tions.    Can.  Nat.  &  Geol.,  Vol.  8.,  pp.  19-35.    Montreal. 

Descriotion  of  a  new  species  of  Phillipsia,  from  the  Lower  Carbonifer- 
ous rocks  of  Nova  Scotia.  Can.  Nat.  Geol.,  Vol.  8,  No.  3,  Art.  17, 
pp.  209-210,  June.  1863,  Montreal. 

Description  of  a  new  species  of  Harpes  from  the  Trenton  Limestones. 
Ottawa.     Can.  Nat.  and  Geol.,  Vol.  8,  No.  i,  pp.  36-37. 

On  the  internal  Spiral  coils  of  the  Genus  Cyrtina,  Can.  Nat.  and  Geo!., 
Vol.  8,  No.  I,  pp.  37-.^5.  Feb.,  1863. 

List  of  fossils  from  the  various  bands  at  Point  Levis.  Geology  of 
Canada.     Geol.  Surv.  Can.,  pp.  8627864,  1863.     Montreal. 

On  the  genus  Stricklandia :  proposed  alteration  of  the  name.  Can. 
Nat.  and  Quart.  Journ.  Sci..  Vol.  8,  p.  370.    Montreal. 

1864. 

'Note  by  E.  Billings,  F.  G.  S.."  accompanying  paper  **On  Leskia 
mirabili.s.  (Gray)"  from  the  Geol.  Mag.,  Vol.  5.  p.  179.  London. 
Enp^land.     Separate :    Can.  Naturalist,  pp.  5-8. 

1865. 

I  al.vozoic  Fo'^sils.  \'ol.  i.  Containing  Descriptions  and  Figures  of  New 
or  Little  Known  Species  of  Organic  Remains,  from  the  Silurian 
R(K'k^.  Geol.  Sur.  Can..  42h  pp..  vyith  401  engravings.  (1861-1865). 
Montreal. 

New  Species  of  Fossils  from  the  Limestones  of  the  Quebec  Group, 
from  Point  Levis  and  oilier  Localities  in  Canada  East.  Geol.  Sur- 
Can..  Pal.  Foss..  \'ol.  i..  pp.  185-206.  Cpart  5.)  Feb.,  1865.  Mon- 
treal. 

Xew  Species  of  I'^o^-vils  fr«»in  the  Quebec  Group  in  tlje  Northern  Part 
(•f  >s''ewfonn(l]an(l.  Geol.  Snr.  Can..  Pal.  Foss.,  Vol.  I.,  pp.  207-300. 
(  Part  C).)      Montreal. 

Xew  Species  of  F.w^ils  from  ilie  Quebec  Group  in  Eastern  Canada, 
with  some  otlier<<  previ(»usly  described,  and  some  from  other  Forma- 
tions. Geol.  Sur.  Can..  Pal.  Foss..  Vol.  i..  pp.  301-338,  (Part  7.) 
Montreal. 

Xew  Species  of  Fossils  from  the  Calciferous  Formations,  with  Re- 
marks on  some  r^tlier^  previously  described.  Geol.  Sur.  Can.,  Pal. 
Fo<s.    Vol.  1..  pp.  ,^30-361,  CPart  8.)    Montreal. 

Xew  Species  of  Fossils  from  the  Quebec  Group  in  the  Northern  Part 
of  X'ewfoundland.  with  a  few  from  the  Potsdam  Group.  Geol. 
Sur.  Can..  Pal.  Foss..  \'ol.  i..  pp.  361-377.  (Part  9.)     Montreal. 

Ft'»s-i]>  from  \'arious  Formations  in  the  Silurian  and  Devonian  Sys- 
tem-;. Geol.  Sur  Can..  Pal.  Fos>..  Vol.  i.,  pp.  377-395.  (Part  10) 
Montreal. 


species  from  the  Quebec  Group  published  in  i860,  Geol.  Siir.  Can,,  Pal. 
Foss,,  Vol.  I.,  pp.  395-415   (Part  11).     Montreal 

"Notes  on  some  of  the  more  remarkable  genera  of  Silurian  and  Devon- 
ibi)  fossils.''  By  E.  Billings.  F.  G.  S,,  (issued  as  separate,  15  pp., 
Can.  Nat  and  Geol,.  New  Series.  Vol,  z,  !Co,  3,  pp.  184-198.  Medium 
of  publication  and  dale  not  indicalcd.  (In  part  reproduced  as  Part 
10  of  Pal.  Foss,.  Vol.  1,  1865,. 


Catalogues  of  the  Silurian  Fossils  of  the  Island  of  Anticosti,  with 
Descriptions  of  some  new  Genera  and  Species,  includes  also  New 
Species  of  Fossils  from  (he  Clinton  and  Niagara  Formations  (of 
Ontario).  Geol.  Sur.  Can.,  qj  pp.,  Montreal,  Nov.,  1866. 
Levicwed  m  Araer.  Journ.  St.,  and  series.  Vol..  43.  pp,  259-260,  New 
Haven.  Conn.,  U.  S.  A.,  1869. 


in  the  classification  of  the  Subdivisions  of  McCoy's  genus  .\lhyris  :i.i 
determined   by    the    Laws    of    Zoological     Nonienclature,"     Amer. 
Journ.  Sc,  Ser.  2,  Vol.  44,  pp.  48-61,  (867.  New  Haven;  also  in  An- 
nals and  Mag,  Nat.  Hist,.  Ser,  3.  Vol.  ao.  pp.  ^33-247.  London,  Eng 
Esijitisse  geologiriiie  du  Canadu.     '"ReMe»  Orgamqucs,"  pp,  43-4g,  Parn, 


Description  of  two  New  Species  of  Stricklnndiiiia.  Geol.  Mag.,  Vol.  $. 
No.  3  (nages  1-6  in  separate),  plate  4.  8  figures;  February,  1868. 
London,  Eng. 

-"'J-1S70. 

n  ilie  Structure  of  tlic  Criiioidea.  Cystidea  and  Blastotdea.  Can. 
Nat.  and  Quart.  Journ.  Sc,  new  series.  Vol.  4,  No.  3,  pp.  277-293; 
September,   i8fj9,   Montreal;    (to  be  continued),     new  series   I  same 

lillet.  C:.-.     y.:,t    t  Qu.iri.  J.mrn,  Sc.  N,  S  ,  V.A    4,  n«  ,  iS/.,,  ,>p 

4*-4,i,^.      ■'..,■       ■..!).      [Conclude')  uwWr   lM.--   ■■Xr.r,.  .m   (lit 

Structure  of  the  Crinoidea  and  Blastoidea."  Can,  Nat.  and  Quart. 
Journ.  Sc.  new  series,  Vol.  5,  pp.  tSo-igS.  June,  1870,  and  reprinted 
from  the  Amer.  Journ.  Science  and  Arts.  Vol.  50.  Sept.,  1870.  New 
Haven.] 

1870. 

Notes  on  the  structure  of  the  Crinoidea,  Cystidea  and  Blastoidea,  (i) 

Amer.  Jotim.  of  Sc.  and  Arts,  2nd  Ser.,  Vol.  47,  pp  69-83;   (2) 

ibid.  Vol.  49.  pp.  si-58.  1870;   (.1)  ibid.  Vol,  50.  pp.  225-240.  1870. 

New   Haven,   Conn.;   .\nnals  and   Mag.   Nat.   Hist.   (1)   4(h  Series, 

Vol.  5,  pp.  251  and  409'  (z)  Vol.  7,  p,  142.  London,  England. 

and  Quart.  Journ.  Sc.  Vol,  5.  pp,  — .  Montreal ;  and  in  Annals  and 

Mag.  Nat.  Hist,  (t)  4th  Series,  Vol.  5,  pp.  251-2109;  (2)  Vol.  7, 

pp,  142.  London,  Eng. 
Note   on   the   structure   of   Balastoidea.    .\mer.   Journ,    Sc.    and    .Arls. 

Ser.  2.  Vol.  47,  p.  353.     Also  printed  as  separate  from  Amer.  Journ, 

Ec.  and  Arts.  Vol.  so,  Sept.,  1870.  16  pn. 
Note  on  Some  specimens  of  Lower  Silurian  Trilobites.     Quart.  Journ. 

Geol.  Society,  Vol.  26,  November.  1870.  pp.  479-486,  Plates  31  and  .iJ, 

London,  Eng. 
(Fossils   from   Rock  Brook,   New   Brunswick)     Geol.   Sur.   Can..   Rep, 

Propr,  1866-61),  pp.  190  and  2iT,  Montreal.  1870. 
(Fossils  from  Riviere  on  Loup.   Quebec)     Geol,   Sur.   Can.   Repcrt  ol 

Progress,  i866-6g,  pp.  133  and  149,  '870.  Montreal. 


^ 
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1871. 

On  Some  New  Species  of  Palaeogoic  Fossils,  Can.   Nat.  and  Quaa 
Journ.  Sc.  Vol.  6,  pp.  213-222,  Montreal.     Also  issued  as  separate, 

15  pp. 
Proposed  New  Genus  of  Pteropoda.    Genus  Hyolithellus,   N.  G.  Can. 

Nat.  and  Quart.   Tourn.  Sc.  Vol.  6.  No.  2.  p.  240.  Montreal.  Dec 

1871.    Also  issued  as  separate.    No  pagination  given. 
Note  on  Trimerella  acuminata,  Annals  and   Mag.  Nat.  Hist.  Ser.  4, 

Vol.  8,  pp.  140-141,  London,  Eng. ;  Amer.  Journ.  Sc.  and  Arts,  Ser. 

3,  Vol.  I  pp.  471.  New  Haven,  Conn. 
Note  on  a  Question  of  Priority.  Amer.  Journ.  Sc.  Ser.  3,  Vol.  31,  p. 

270,  1 87 1,  New  Haven,  Conn.  U.  S.  A. 
On  the  Canadian  Tribobite  with  legs.   (Extracted  from  the  Canadian 

Naturalist  of  December    1871,  pp.  11-15)  forming  part  of  paper  On 

Some  New  Species  of  Palaeozoic  Fossils  by  E.  Billings,P.  S.  S. 
(Fossils  from  Black  Bay,  New  Brunswick)    Geol.  Sur.  Can.  Rep.  of 

Progress,  1870-71,  p.  161.  1872.  Montreal. 
Fossils  from  the  so-called  Huronian  of  Newfoundland.  Amer.  Journ. 

Sc,  Ser.  3,  Vol.  3,  op.  223-224.  (Brief  abstract  of  papers  read  be- 
fore Montreal  and  Nat.  Hist.  Soc.  Jan.  1872).  New  Haven,  Conn. 

U.   S.   A. 
Fossils  probably  of  the  Chazy  era  in  the  Eolian  Limestone  of  West 

Rutland,  Vt.  Amer.  Journ.  Sc,  Ser.  3,  Vol.  4,  p.  133.  New  Haven. 
Note  on  the  Discovery  of  Fossils  in  the  Winooski  Marble  at  Swanton. 

Vt.  Amer.  Journ.  Sc,  Ser.  3,  Vol.  3,  pp.  146-146.  New  Haven,  Conn. 

U.  S.  A. 
Note  on  the  Discovery  of  Fossils  in  the  Winooski  Marble  at  Swanton. 

Vermont.  N.  S.  Can.  Nat.  Vol.  6,  p.  351.  Montreal. 

1873. 

(Additional  Notes  on  the  Taconic  Controversy.  Can.  Nat.  and  Quart. 
Journ.  Sc  Vol.  6.  No.  4,  pp.  460-465.  1872,  Montreal 

Remarks  on  the  Taconic  Controversy.  Can.  Nat.  and  Geol.  New  Series. 
Vol.  6,  No.  3,  pp.  313-32?.  1872,  Montreal. 

Reproduced  without  table  of  Geological  formations,  etc.,  in  Amer. 
Journ.  Sc.  and  Arts,  3d  Ser.  i.  Vol.  3.  pp.  467-471,  June,  1872.  Kew 
Haven. 

On  the  (jenus  Obolellina,  Can.  Nat.  and  Geol.  New  Series,  Vol.  6, 
No.  3,  pp.  326-333,  (includes  article  on  "A  Question  of  Prioiity** 
PP-  330-333.  Reproduced  in  part  in  Amer.  Journ.  Sc.  and  Arts,  3d 
Ser.  Vol.  3.  pp.  270.  New  Haven. 

On  Some  Fossils  from  the  Primordial  Rocks  of  Newfoundland.  Can. 
Nat.  and  Geol.  N.  S.  Vol.  6.  No.  4.  pp.  465-479.  1872.  Montreal. 

( Fossils  from  Drury's  Cove,  New  Brunswick)  Geol.  Sur.  Rep.  Prog. 
1870-71,  p.   140.   1872. 

On  the  Mesozoic  Fossils  from  British  Columbia,  collected  by  Mr.  Jas. 
Richardson  in  1872,  Geol.  Sur.  Can..  Rep.  Prog,  for  1872-73.  Appen- 
dix to  Mr.  Richardson's  report,  t^o.  7i-7=J.    Montreal. 

(Fossils  found  in  Lower  Cache  Creek.  British  Columbia)  Geol.  Sur. 
Can.  Rep.  Prog.  1871-72.  p.  (^2.  1873.  Montreal. 

1874. 

Palreozoic  Fossils.  Vol.  2,  pt.  i.  144  pp.  9  plates.   Geol.  Sur.  Can.  Mon- 
treal. 
•  I.     On  s(Miic  of  the  fossils  of  the  Gaspe  series  of  rocks,   p.  1-64. 
2.     On  some  new  species  of  fossils  from  the  primordial  rocks  of 

Newfoundland,     pp.  64-78. 
.^     On  the  Genus  Stricklandinia.  with  descriptions  of  the  Can- 
adian species,     pp.  78-80. 


Notes  oa  ihe  s 
loidea.    pp.  9»-iaft 

On  vxae  o(  ihe  FiMsiU  of  (he  Arisaig  si 
Stlunaii  tiwa  Scotia,    pp.  iaQ-144. 
:ote  on  io^iiU  from  Ballttuc  Islands,  British  Columbia,     Geo!.  Sur. 
Can..  Rrp.  Progress.  i87J-74-     P-  ■*      Montreal.     Published  1874- 
ic  new  Genera  and  Species  of  Paifeomic  Motlu&ca.    Can.  Nai.  S: 
rt.  Joum.  Sc.,  vol.  7.  No.   ,?.   pp.   .wi-302.    (Genera   Itionia   and 

^^inotella)— July,  1874-     Monirwil 

Dt»   somtr  new  or  little  kooarn  fossils  from  the  Silurian  and  Dev-nnlan 
Rocks  cf  Ontario.     Can.  Sal.  &  Quart.  Joum.  Sc.  vol.  vii.  No,  4- 

l87*K 

^Li&t  ui  Dcianian  FoimIs  prepared  t>y  E.  Billings  included  on  page  68 
ni  "Region  on  the  Country  br*--— n  llie  Assinibojnc  river  and  lakes 
Winnipe^usis  and  Mauitoha."  J.  W.  Spencer,)  Geijl.  Sur.  Can., 
Rep.  Proftr..  187^-75.  issue)!  S  real.  18^6. 
On  llic  SlRirtiirr  of  Oboldla  Cm-Huaics.  Am-r,  Journ  Sc  ,  Scr.  .i. 
Vol    XI.  pr.  176-178      N'e«-  Haven.  Conn..  U.  S   A. 


ORIGINAL  MICACEOUS  CROSS-BANDING  OP 
STRATA   BY   CURRENT  ACTION, 

The  process  of  seiiimciitalioii  noniially  produces  lavers  ot 
I  ttniform  texture  parallel  with  the  surfaces  of  the  laminae. 
1  Bands  of  different  mineralc^cal  and  texttiral  characters  in- 
'  clined  to  the  planes  nf  fitratificatii">n  are  common  in  ihe  niela- 
morphic  rocks  as  the  result  of  mineralization  of  shear  zones  or 
of  the  brecciation  and  mineralization  of  shear  zones  inclined 
to  the  original  sedimentation  planes.  The  following  descrip- 
tion relates  to  a  case  in  which  a  micaceous  banding  occurs  as 
an  original  structure  at  a  high  angle  with  the  stratihcation 
imitating  the  dual  structure  of  some  metamorphosed  sediments. 
The  Fitchburg  railroad  one  and  a  half  miles  east  of  Con- 
cord, Mass.,  occupies  a  deep  cut  through  a  rude  glacial  sand- 
plain  which  encloses  lake  Walden.  In  a  side  cutting  in  this 
excavation,  the  writer  observed  in  1898  a  bed  of  fine,  brown 
glacial  sand  about  one  foot  thick  sharply  demarcated  from 
clays  and  sands  above  and  below  by  certain  peculiarities  oi 
structure  and  texture.  This  layer  was  ver.-  regularly  beset  bv 
current-mark  with  westward  facing  sleeper  fronts,  indicating 
the  drifting  of  the  sediment  in  that  direction  during  deposition. 
The  crests  of  the  ridges  were  regularly  superposed,  each  suc- 
cessive layer  having  its  crests  at  regular  intervals  somewhat 
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advanced  to  the  westward  upon  the  underlying  one,  giving  a 
crest  plane  inclination  for  the  series  of  about  45'  east. 

The  striking  feature  of  the  bed  was  a  band  of  highly  mi- 
caceous sands  forming  the  frontal  slopes  of  the  entire  series 
of  crests  in  the  bed  as  shown  in  the  annexed  figure,  by  the 
shading.  • 


FIG.  I.  CROSS-SECTION  OF  A  PORTION  OF  THE  LAKE  WALDEN  GLAaAL  S-\XD 
BED,  SHOWING  A  CURRENT  MARK  WITH  MICACEOUS  BANDS  IN  THE 
FRONTAL  SLOPES  OF  THE  CRESTS. 

The  micaceous  bands  were  about  half  an  inch  in  width. 
They  dipped  45°  east,  as  stated  above,  parallel  to  planes  pass- 
ing through  the  respective  crests.  The  individual  particles  of 
mica  lay  parallel  to  the  crest  slope,  producing  an  obvious 
false  bedding  totally  distinct  from  the  straticulate  structure  of 
normal  cross-bedding  in  relatively  homogeneous  sands.  The 
micaceous  bands  were  between  four  and  five  inches  apart. 

The  type  of  rippled  stratification  with  which  the  micaceous 
bandinjTf  was  associated  shows  that  the  banding  developed  un- 
der the  action  of  the  vortical  movements  of  the  bottom  drift  of 
a  slowly  moving  current.  In  analogy  with  the  observed  vor- 
tices of  a  continuous  bottom  current,  my  colleague,  Dr.  Jaggar, 
suggests  the  whirling  movement  of  the  water  must  have  been 
as  in  the  annexed  figure  at  the  crest  of  each  current  mark.  (See 
^\}^.  2.)  In  the  dead  space  on  the  frontal  slope,  particles  of 
mica  which  were  caught  in  the  bottom  movements  would  come 
to  rest  as  the  deposit  grew  upward. 


FK;.  2.  bClIKME  OF  VORTICAL  MONUMENTS  ABOUT  THE  CREST  OF  A  CURRENT 
MARK.  THE  SHADED  SLOPE  SHOWS  THE  AREA  ON  WHICH  THE  P.\RT- 
KLES  OF  MICA  HAVE  COME  TO  REST  BENEATH  THE  NODE  JUST  IN  AD- 
VAN(E   OF   THE   (  KKST.       (AFTER   SKETCH   BY  J.\GGAR.) 

Ill  this  connection,  it  will  be  recalled  that  Spurr  in  this 
Journal  (vol.  xiii,  1894,  pp.  43-47,  201-206,  with  discussion  by 
Jaggar,  pp.  199-201),  described  a  rhythmic  succession  in  tex- 


Banding  of  Strata. — Woodzvorth.  283 

ture  parallel  to  the  stratification  resembling  current  or  ripple 
mark,  but  the  textures  were  pebbly  and  sandy.  In  the  Minne- 
sota glacial  deposit  described  by  Spurr  as  in  this  case  a  cross- 
banding  was  produced  at  about  45*"  to  the  true  stratification. 
Of  the  structure  described  by  Spurr,  the  writer  has  seen  no 
examples  and  is  therefore  unable  to  make  further  comparison 
of  the  two  cases. 

It  will  be  noted  that  the  simulation  of  the  banding  of  met- 
amorphic  schists  in  the  lake  Welden  case  is  remarkable,  and 
if  the  deposit  existed  as  a  firmly  consolidated,  slightly  meta- 
morphosed rock,  it  might  be  on  hasty  examination  mistaken 
for  an  ordinary  deposit  with  its  banding  induced  by  the  pro- 
duction of  new  minerals.  Where  metamorphism  and  the  pro- 
duction of  micaceous  minerals  take  place  without  shearing  as 
in  the  quartz-albite-biotite  rock  of  the  "Devil's  foot  ledge"  in 
the  Carboniferous  of  Kingstown,  Rhode  Island,  the  secondary 
mica  may  lie  in  the  original  planes  of  stratification,  including 
those  of  the  cross-bedding.  Moreover,  it  is  conceivable  that 
the  metamorphism  of  a  bed  like  that  at  lake  Walden  under 
static  conditions  without  deformation  might  lead  to  the  reten- 
tion of  the  essential  arrangement  of  the  original  particles.  The 
writer  is  not  aware,  however,  that  any  known  mica-schists  or 
quartz-mica-schists  exhibit  evidence  of  this  original  distribu- 
tion of  their  mineralogical  components. 

An  analogous  but  not  homologous  structure  exists  in  the 
diagonal  fissility  of  Van  Hise  in  certain  sheared  and  mineral-. 
ized  sediments.  Thus  in  the  carboniferous  gneissoid  sand- 
stones of  PrudeVice  Island  in  Narragansett  Bay,  these  bands  of 
compact  mineralized  layers  of  arenaceous  sediments  alternate 
with  thicker  lavers  of  finer  sediments  less  mineralized  but  be- 
set  by  open  planes  of  diagonal  fissility  inclined  about  45°  to  the 
bedding,  this  secondary  structure  occupying  relatively  to  the 
mineral  banding  the  position  held  by  the  original  bedding 
planes  to  the  micaceous  banding  in  the  glacial  deposit  above 
described. 
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ISTORICAL    OUTLINE    OF   THE   GEOLOGICAL 
AND  AGRICULTURAL  SURVEY  OF  THE 
STATE  OF  MISSISSIPPI.* 

By  B.  W.  HiLOARD.t  Late  State  Geologist,  Berkeley.  Cal. 

The  geological  and  agricultural  survey  of  the  state  of  Mis- 
sissippi had  its  origin  in  an  act  of  the  legislature  entitled  "An 
Act  to  further  endow  the  University  of  Mississippi,"  approved 
March  5,  1850,  which  took  effect  on  the  first  of  June  following. 
This  act  is  worded  as  follows : 

Sec.  I.  Be  it  enacted,  &f.,  that  the  further  sum  of  three  thousan*^ 
dollars  be  and  the  same  is  hereby  semi-annually  appropriated,  subject  to 
the  draft  of  the  President  of  the  Board  of  Trustees  of  the  University  of 
Mississippi,  to  be  applied  by  them  to  the  purchasing  of  books  and  ap- 
paratus, and  the  payment  of  the  salaries  of  professors  and  assistant  pro- 
fessors of  agricultural' and  geological  sciences  in  said  University;  pro- 
vided that  one-half  only  of  the  amount  of  said  appropriation  shall  be 
from  the  revenue  in  the  treasury,  and  the  other  half  shall  be  made  out 
of  the  sale  of  lands  belonging  to  the  seminary  fund  hereafter  to  be  sold 
as  provided  by  law. 

Sec.  2.  That  the  authority  required  by  the  State  Treasurer  for  the 
payment  of  the  trustees,  shall  be  the  warrant  of  the  President  of  the 
Board  of  Trustees,  drawn  in  favor  of  any  person  whatever. 

Sec.  3.  That  at  least  one-half  of  the  amount  herein  appropriated 
shall  be  expended  in  making  a  general  geological  and  agricultural  sur- 
vey of  the  State,  under  the  direction  of  the  principal  professor  to  be 
appointed  under  the  first  section  of  the  Act. 


*  Reprinted  from  the  publications  of  the  MisoUsippi  Historical  Societj. 

t Professor  lOugene  Woldemar  Hllgard  was  bom  In  Zweibrucken,  Rhenlsb 
Bavaria.  Jan.  '*.  ^H'Mi.  lie  emigrated  to  America  in  1886.  After  completlnir 
his  collegiate  ediicaiion  at  Hellevllle.  111.,  he  tools  the  d^ree  of  Ph.  D..  at 
Heidelberg  in  IHoli.  He  also  studied  at  Zurich,  and  at  Freiberg,  Saxony. 
The  degree  of  LL.  D.  has  been  bestowed  upon  him  by  Columbia  UniTersIty. 
the  rniversity  of  Michigan,  and  the  T'nlverslty  of  Mississippi.  He  was  state 
geologist  of  .Mississippi  from  1855  to  1873,  during  which  time  he  filled  the 
chairs  of  (ieology  and  of  Chemistry  successively.  In  1873  he  accepted  the 
professorship  of  (Jeology  and  Natural  History  In  the  University  of  Michigan. 
After  two  yenrs'  service  at  this  place  he  went  to  the  University  of  California 
as  Professor  of  .\gricultural  Chemistry  and  Director  of  California  Agricul- 
tural Kxperiment  Stati(m  and  Dean  of  the  Faculty  of  Instruction  In  Califor- 
nia, lie  is  at  oresent  actively  engaged  in  the  discharge  of  his  duty  at  the 
University  of  California.  Herkeley.  California.  In  1860  his  Report  on  drol- 
ogy  and  Aijt  iruUun  in  MUsisnippi  was  published  by  authority  of  the  Stat^ 
Legislature.  'IMiis  valuable  work  is  still  regarded  as  a  standard  authority  on 
the  geological  formations  peculiar  to  Mississippi  and  the  Southwest.  In  i880 
lie  directed  and  edited  the  work  on  tlie  report  entitled  "Cotton  Production  In 
the  U.  S."  <H)th  Census),  to  which  he  Iiimself  contributed  detailed  descrip- 
tions of  tlie  agricultural  features  of  Mississippi.  Ixiulsiana  and  California. 
In  1J^04  he  received  the  Liebig  medal  for  distinguished  achievements  In  agri- 
cultural science  from  the  Academy  of  Sciences.  Afunlch,  Bavaria. 

In  18(50  Dr.  Ililgard  married  .Miss  J.  Alexandrina  Bello,  daughter  of  Col. 
Bello.  of  Madrid.  Spain. 

In  spite  of  a  comparatively  feeble  body.  Mr.  Hllgard's  vigorous  Intellect 
and  untiring  energy  have  produced  and  published  a  large  number  of  remark- 
ably valuable  papers  upon  topics  of  scientific  interest  an  d  relating  to  a  large 
variety  of  subje<'ts  connected  with  his  wide  field  of  activity. — Editob. 
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That  the  survey  herein  provided  for  shail  be  accon^anied 
Lwith  proper  maps  and  diagrams,  and  furnish  full  and  scientific  descrip- 
'tions  of  its  rocks,  soils  and  geological  productions,  together  with  sptci- 
is  of  the  same;  which  maps,  diagrams  and  specimens  shall  be  dqxM- 
tted  in  the  State  Library  and  similar  specimens  shall  be  dqwiited  in  the 
■  State  University,  and  such  other  literary  institutions  in  the  State  as  the 
Governor  may  direct ;  provided  thai  the  survey  shall  be  made  in  every 
county  in  the  Slate. 

That  the  Trustees  of  the  State  Universi[>- shall  causea report 
to  be  made  annually  to  the  Governor,  to  be  by  him  laid  before  each  se»- 
Bion  of  (he  L«eislature,  setting  forth,  generally,  the  progress  tnade  in 
the  survey  hereby  required. 

Sec.  6.  That  this  Act  take  effect  and  be  in  force  from  and  after  the 
first  day  of  June  next. 

Under  tlie  scmicwhat  loose  provisions  and  phraseology  if 
this  act  Dr.  John  MilHngton,  at  the  time  piDfessor  of  chemistry 
at  tlic  University  of  Mississippi,  was  in  June,  1850,  appointed 
to  the  position  and  additional  duties  provided  for  by  it.  No 
assistant  was  obtained  nnlil  July  15,  1851,  when  Oscar  M.  Lie- 
ber,  of  Soulli  Carolina,  was  appointed  to  the  posititwi.  No  rec- 
ord or  report  of  I.ieber's  work  was  made;  diiring^  a  portion  of 
inctunbency  (presumably  in  autumn  of  1852),  he  made,  on 
horseback,  a  rcconnoissance  of  the  Yazoo  Bottom ;  but  nothing 
beyond  that  fact  appears  from  the  letters  written  by  him  un- 
der the  regulation  <lefining  his  duties,  which  provides  that 
"When  not  actually  engaged  in  making  explorations  and  sur- 
veys, he  shall  aid  the  principal  professor  of  geolog>',  agricul- 
ture and  chemistry  in  the  discharge  of  his  duties:  and  while 
engaged  in  making  such  surveys,  he  shall  make  reports  at  least 
monthly  to  the  principal  professor,  and  the  salary  of  said  as- 
sistant professor  shall  be  $1,000  per  annum."  Lieber  resigned 
on  January  14,  1852. 

In  Januarj-,  1852,  the  position  was  accepted  by  Prof.  E.  L. 
C.  Waiies,  then  of  the  faculty  of  Jefferson  College,  near 
Natchez.  This  gentleman  bad  already  made  a  collection  of 
rocks  and  fossils  of  the  southwestern  part  of  the  state,  and 
bad  quite  an  extended  knowledge  of  the  general  features  of 
the  latter.  There  was  also  passed  by  the  legislature,  in  scis- 
sion at  the  time,  "an  act  to  amend  an  act  to  further  endow 
the  University  of  Mississippi,  approved  March  5.  1850,"  the 
provisions  of  which  are  as  follows : 

Sec.  I.  That  the  fourth  section  of  the  above  recited  act  be  so  amend 
ed  as  to  read  "Zoological"  instead  of  "Gological"  productions. 
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AN  ACT 

To  authorize  the  printing  of  the  first  annual  report  of  the  Agricultural 

Geological  survey  of  the  State. 

Sec  I.  Be  it  enacted  by  the  Legislature  of  the  State  of  Mississippi, 
That  two  thousand  copies  of  the  report  of  Professor  B.  C.  L.  Wailes, 
State  Geologist,  be  printed  under  his  supervision,  in  quarto  form,  and  in 
such  manner,  and  with  such  illustrations  and  plates,  as  his  excellency 
the  Governor  shall  deem  appropriate  and  necessary  for  its  illustration. 

Sec.  2.  Be  it  further  enacted.  That  when  printed  and  bound  the  said 
report  be  deposited  in  the  office  of  the  Secretary  of  State,  to  be  by 
him  distributed  as  follows:  fifty  copies  to  be  deposited  in  the  State 
Library ;  twenty-five  copies  to  be  deposited  in  the  State  University ;  one 
copy  to  each  state  in  the  Union ;  one  copy  to  be  given  to  each  incorpor- 
ated college  and  academy  in  the  State;  one  copy  each  to  the  Governor, 
Secretary  of  State,  Auditor  of  Public  Accounts,  State  Treasurer,  Ad- 
jutant General,  the  Chancellor  and  Vice-Chancellors,  the  Judges  of  the 
High  Court  of  Errors  and  \ppeals,  the  i^**^orney  General,  the  Judge 
and  District  Attorney  of  each  District,  each  member  of  the  present 
Senate  and  House  of  Representatives,  and  one  hundred  copies  to  the 
said  State  Geologist,  to  be  by  him  exchanged  for  similar  reports  from 
other  states,  and  to  furnish  to  scientific  societies  and  public  libraries. 

Sec.  3.  Be  it  further  enacted,  That  one  thousand  copies  of  said  re- 
port shall  be  deposited  in  the  office  of  the  Secretary  of  State,  to  be  sold 
by  any  agent  or  agents  to  be  appointed  by  the  Governor,  under  such 
regulations  and  for  such  sum  as  he  may  deem  proper  and  advisable,  for 
the  purpose  of  reimbursing  the  State  for  publishing  the  same,  and  the 
balance  to  be  distributed  among  the  several  counties  of  the  State,  in 
proportion  to  their  representation  in  the  Legislature,  to  be  furnished  to 
the  people  thereof,  in  such  manner  as  the  Boards  of  Police  of  the  several 
counties  may  direct. 

Sec.  4.  Be  it  further  enacted,  That  previous  to  the  printing  of  said 
report,  it  shall  be  revised  and  completed  by  the  said  State  Geologist; ; 
and  the  portion  of  it  which  treats  of  Zoology,  as  far  as  prepared,  shall 
be  omitted,  and  in  lieu  thereof,  a  catalogue  of  the  fauna  of  the  State,  as 
far  as  ascertained,  shall  be  substituted. 

Sec.  5.  Be  it  further  enacted.  That  for  the  farther  and  more  efficient 
prosecution  of  the  survey,  analyses  of  the  marls,  soils,  mineral  waters, 
and  the  chief  agricultural  productions  of  the  State,  shall  be  made  at  the 
University  of  Mississippi,  as  the  Trustees  may  designate ;  and  the  State 
Geologist  may,  from  time  to  time,  furnish  sttch  soils,  marls  and  waters 
as  may  be  required  for  analysis,  and  shall  receive  in  return  from  the 
chemist  full  and  precise  reports  of  all  analyses  which  may  be  made; 
and  specimens  of  soils  and  marls  shall  be  preserved  in  convenient  glass 
bottles  in  the  State  Cabinet  and  in  the  Cabinet  of  the  State  University, 
properly  labeled  with  the  chemical  character  of  the  substance  and  the 
locality  from  which  the  same  was  obtained. 
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Sec.  6.  And  be  it  further  enacted,  That  the  said  Geologist  shall  make 
collections  of  specimens  to  illustrate  the  mineral  character  and  paleon- 
tology of  the  State,  in  addition  to  the  zoological  productions  which  by 
law  he  is  now  required  to  collect,  and  to  cause  them  to  be  suitably 
arranged  and  preserved  in  the  State  Cabinet,  and  in  that  of  the  Univer- 
sity; and  any  duplicates  that  remain  may  be  distributed  by  him  among 
such  of  the  incorporated  colleges  of  the  State  as  may  apply  for  them. 

Sec.  7.  And  be  it  further  enacted,  That  a  sum  not  to  exceed  two 
thousand  five  hundred  dollars  be  appropriated  out  of  any  money  in  the 
treasury,  to  be  drawn  upon  the  requisition  of  the  Governor,  for  the  pur- 
pose of  carrying  into  eflfect  the  provisions  of  this  Act. 

Sec.  8.  Be  it  further  enacted.  That  this  Act  shall  be  in  force  from 
and  after  its  passage. 

Approved  March  i.  1854. 

Wailes'  Report  (the  first  of  the  Mississippi  geological  re- 
ports), of  which  the  publication  was  provided  for  by  the  above 
act,  bears  the  imprint  of  "E.  Barksdale,  State  Printer,  1854,'* 
but  was  actually  printed  at  Philadelphia,  where  Wailes  re- 
mained during  the  greater  part  of  1854  to  superintend  its  pas- 
sage through  the  press.  The  volume  is  an  octavo  of  371 
pages,  with  17  illustrations,  partly  of  a  historical  character, 
partly  referring  to  the  cotton  industry ;  eight  illustrate  geo- 
logical subjects,  the  most  important  being  four  plates  of 
shells  from  the  Jackson  shell  bed,  named  and  described  by 
Conrad.  The  report  begins  with  a  ''historical  outline"  cov- 
ering 125  pages:  a  treatise  on  the  agriculture  of  the  state, 
partly  historical  and  dealing  largely  with  cotton  culture,  fol- 
lowed by  some  analyses  of  marls,  cotton  ashes  and  mineral 
waters,  and  covering  81  pages;  meteorological  data,  12  pp.; 
lists  of  fauna  and  flora,  46  pages:  appendices,  with  documents, 
25  ])ages.  This  summary  is  suflFiciently  indicative  of  the  fact 
tliat  Wailes  was  not,  and  did  not  write  as  a  specialist  in  anv 
department.  He  makes  no  attempt  to  classify  the  rocks  he 
descriJK's  otherwise  than  as  Cretaceous,  Tertiary  and  Quarter- 
nary,  and  inferentially  classes  among  the  latter  the  sandstone 
of  tlie  (irand  (hilt  group,  which  is  mentioned  as  overlying 
"diluvial  gravel."  lie  •traces  correctly  the  northern  limit  of 
the  (irand  Cult  rocks  from  the  Mississippi  across  Pearl  river 
to  l*rand(>n.  and  describes  its  occurrence  in  southwestern  Mis- 
sissippi. 

It  will  be  noted  that  although  the  act  of  1854  designates 
Wailes  as  "state  geologist,"    it    does    not    create    that    office. 
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hich  slin  remained  an  appendage  of  the  chair  of  geology  at 
the  L'nivcrsity  of  Mississippi.  It  was  expected  that  Wailes 
"would  Ijc  d«-ted  to  that  chair,  whidi  in  autumn  1853  had  been 
.Tracaied  by  Dr.  Miltington.  At  an  election  held  in  Jane,  1854, 
i^bowever,  the  choice  for  that  position  fell  on  Le\ns  Harper." 

Wailes,  thereupon,  immediately  resigned  his  positioa, 
"^phich  remained  vacant  until  September,  1855.  Up  to  Ae 
summer  of  1855  Harper,  bearing  the  titles  of  professor  of  gt- 
otogy  and  ^riculture.  and  state  geo)<^st.  had  ttot  taken  the 
field  himself.  He  was  now  by  action  of  the  Boarxl  of  Trust- 
ees relieved  from  a  portion  of  his  duties  as  iostnictor,  and 
directed  to  take  the  field  personally,  for  the  purposes  provided 
for  in  the  act.  Besides,  Dr.  F.  A.  P.  Barnard,  then  profesSOT 
01  physics  at  the  uni\-ersity,  was  requested  to  jccnre  a  com- 
petent assistant  geolc^st  at  a  salarj-  of  $1,000  per  annum, 
<luring  a  contemplated  \-isit  to  the  North.  At  the  Providence 
■meeting  of  the  Am.  Ass'n  Adv.  of  Science,  August,  1855,  Dr. 
JBaniard  fulfilled  his  mission  by  tendering  tlie  appointment  to 
the  writer  (then  lately  returned  from  Europe),  who  promptly 
accepted  tt.  amid  the  sincere  condtdeucc  of  his  scientific  friends 
upon  his  assignment  to  so  tminleresting  a  field,  where  the 
paleozoic  fonnaiions  (then  occupying  alnios.1  exclttavdy  the 
nuntU  of  Aoiericaa  g«ologi«ts),  were  uiin^re^eiiled. 

On  the  way  soutfi,  a  few  weeks  later,  I  paid  a  visit  of  sev- 
eral days  to  Dr.  David  Dale  Owen  and  his  assistants,  E.  T. 
Cox  and  S.  S.  Lyon  (then  engaged  in  the  work  of  the  Arkan- 
sas state  geological  sur\eyj,  at  Xew  Harmony,  with  a  view  of 
obtaining  suggestions  for  the  work  before  me.  This  visit 
was  most  important  and  fruitful  in  giving  direction  to  my 
subsequent  studies  and  methods. 

Reaching  Oxford  about  the  middle  of  September.  1855.  I 
found  tliat  Harper  had  then  just  retume<l  from  a  rapid  recon- 
noissance  of  the  cretaceous  and  tertiary  prairie  regions  :n 
eastern  Mississippi :  and  it  was  agreed  that  we  should  as  soon 
as  possible  set  out  on  a  joint  exploration  over  the  same  route. 
to  be  continued  to  the  Gulf  shore:  thence  across  the  southern 
counties  of  the  state  to  the  Mississippi  river.  The  start  was 
made  early  in  October,  the  outfit  consisting  of  an  ambulance 
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carrying  a  camping  outfit,  and  a  negro  driver,  who  at  the  san^e 
time  performed  the  office  of  cook.  The  cretaceous  prairie 
coimtry  on  the  Tombigby  river  was  reached  near  Okolona. 
whence  the  route  lay  through  Aberdeen  to  Columbus ;  thence, 
leaving  tlie  cretaceous  territor>%  through  Neshoba  and  Kem- 
per counties  to  Enterprise  on  the  Chickasawhay  river,  and 
along  that  stream,  crossing  all  the  marine  tertiary  stages,  ^s 
far  south  as  Leakville,  Green  county.  It  then  became  appar- 
ent that  there  was  not  time  to  reach  the  coast,  as  intended, 
without  the  risk  of  being  caught  in  a  very  remote  and  thinly 
settled  region,  by  the  early  winter.  We  therefore  turned  west- 
ward at  once  and  readied  the  Mississippi  at  Fort  Adams,  from 
which  point  we  took  steamer  passage  to  Memphis,  Tenn. 

This  expedition  was  made  too  rapidly  and  with  too  few 
facilities  for  making  collections,  to  afford  anything  more  than 
a  very  general  insight  into  the  character  and  relations  of  the 
several  cretaceous  and  tertiar}^  stages.  It  was  shown  conclu- 
sively that  the  dip  of  all  the  marine  tertiary-  beds  is  southward, 
except  only  as  regards  the  Grand  Gulf  rocks,  whose  relations 
to  the  rest  we  had  no  opportunity  of  observing,  since  they  are 
unrepresented  in  the  Chickasawhay  section,  save  by  clays  of 
which  the  equivalence  was  not  then  apparent. 

Meanwhile  it  had  become  apparent  to  the  University  trust- 
ees that  in  its  })resent  form  the  survey  was  in  more  than  one 
res]^ect  a  burden  to  the  University ;  and,  accordingly,  at  the 
legislative  session  of  1855-6,  Governor  McRae,  in  transmitting 
to  tlie  legislature  the  regular  report  of  the  trustees  of  the  Uni- 
versity of  Mississippi,  accompanies  it  by  a  special  message  in 
whicli  (xrcnrs  the  following  passage: 

"The  first  portion  of  the  trustees*  report  relates  to  the  geo- 
logical survey  of  tlie  state  geologist,  and  proposes  the  separa- 
tion of  this  survey  from  the  University :  and  asks  that  it  may 
be  taken  charge  of  by  the  state,  as^  an  independent  work  un- 
der the  direction  of  the  governor.  The  reasons  for  this  are 
fully  set  forth  in  the  rei)ort,  and  may  be  recapitulated  in  brief 
as  follows : 

1.  Tlic  geological  survey  does  not  form  a  part  of  the  course  of  in- 
struction in  the  L'niversity.  and  is  not  properly  connected  with  the  busi- 
ness of  the  institniion. 

2.  The  duties  of  the  State  Geoh.gist.  under  the  present  arrangement. 
being  partly  as  profe>sor  in  the  University,  partly  in  the  field  survey. 
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neither  position  can  be  fully  or  satisfactorily  filled  by  him.  Either  the 
classes  in  this  department  must  suflfer  in  his  absence,  or  the  survey  in 
the  field  be  neglected  to  give  them  proper  attention. 

3.  The  funds  of  the  University  are  not  sufficient  to  justify  it  in  be- 
stowing a  portion  of  them  on  a  work,  however  important  and  valuable 
to  the  State,  that  is  not  legitimately  a  portion  of  its  business. 

The  appropriation  by  the  State  of  $3,000  annually  for  the  geological 
sun-ey,  pays  no  more  than  the  salary-  of  the  principal  and  assistant 
geologists;  and  the  outfit  and  traveling  expenses,  &c..  amounting  to  as 
much  more,  have  to  be  provided  for  out  of  the  college  funds.  This  is 
unjust  to  the  University,  and  the  divided  time  of  the  State  Geologist  be- 
tween the  University'  and  the  field,  operates  injuriously  both  to  the  in- 
terests of  the  University  and  the  State.  I  would  not  be  understood  by 
this,  nor  would  the  Board  of  Trustees,  as  casting  any  reflection  upon 
the  learned  gentleman  who  now  fills  the  place  of  State  Geologist,  and 
whom  they  and  myself  believe  to  be  well  and  highly  qualified  for  the 
duties  of  that  station,  nor  would  we  have  it  understood,  and  the  Boar  1 
of  Trustees  would  not,  that  we  detract  in  the  slightest  measure  from  the 
great  interest  and  importance  to  the  State  of  having  a  geological  survey 
thoroughly  and  efficiently  prosecuted.  The  object  is  to  place  it  in  the 
hands  of  the  State  and  under  the  direction  of  her  authority,  where  it 
properly  belongs,  and  to  have  it  vigorously  prosecuted  to  completion  at 
the  earliest  day.  I  therefore  recommend  to  the  Legislature,  to  place  it 
in  this  position  and  to  provide  the  means  necessary  to  accomplish  this 
object.  It  is  believed  that  an  appropriation  annually,  for  three  years  of 
$6,000,  will  be  sufficient  to  complete  the  entire  work  within  that  period. 
The  report  of  Professor  Harper,  herewith  submitted,  contains  much 
valuable  information — shows  a  high  degree  of  scientific  attainment  on 
his  part,  and  gives  evidence  that  whcTi  xhv  work  i>  completed,  it  will  be 
•  Mie  t'f  great  value  to  the  public.  The  i>re>-t;nt  rejxTt  i^-  only  preliminary 
and  partial  and  i<  not  designed  ft'r  publication  at  ihiv  time,  but  i-«  t«t  be 
enibr»clicil  and  ])nbli.<hed  in  tlic  gt-nerai   rt-pori   when  o« 'my^icted." 

Tlie  sni:rRestion  i^t  the  iirovenic^r  was  imt.  li(»\vevcr,  favora- 
bly acted  tipon  by  the  lf,q:is]ature  :  the  matter  was  left  in  stnii: 
quo.  but  with  tlie  nnderstandinc:  that  a  vi^'«»roiis  ]>r<»seoini'^n 
of  the  work  should  pave  tlie  way  t(»  more  >at  is  factory  leQ'isln- 
lioii  at  a  succeeding  session. 

After  })assing  tlie  winter  at  ( Oxford  in  the  arranL^vnient  .•!* 
the  collections  and  prei>arations  for  analytical  \\(»rk.  I  i^-^^- 
ceeded  in  April.  185^ >,  to  make  a  detailed  exploration  ..f  ilu^ 
ii(>rtheastern  portion  of  the  >tate.  where  the  i;e<  >1<  ►^ical  >trii  ^- 
ttire  seemed  most  comjdex  and  varied.  In  the  cotirse  of  iliiv 
expedition,  made  witli  the  .-ame  onttit  that  had  >erved  the 
year  before.  I  detemiined  the  character.  <trani:;Ta]>]iical  rela- 
tions and  limits  (A  the  carb.  .nifer- 'tis,  cretaceous  and  t<.riiar\ 
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beds  of  that  part  of  the  state,  making  extended  collections  es- 
pecially of  what  was  afterwards  designated  as  the  Ripley 
Group  of  the  cretaceous  by  Conrad* 

I  also  investigated  closely  the  features  and  geological  rela- 
tions of  the  * 'Orange  Sand"*  (now  better  known  as  the  La- 
fayette formation  of  the  Southwest),  showing  its  derivation 
partly  from  northern  sources,  partly  from  the  underlying  for- 
mations of  which  it  contains  the  fossils ;  distinctly  characteriz- 
ing  it  as  a  quarteniary  deposit. 

It  having  become  clearly  apparent  to  me  by  this  time  tliat 
the  survey  would  never  maintain  itself  in  public  esteem  on  the 
basis  of  mineral  discoveries,  and  that  it  must  seek  its  main 
support  in  what  services  it  might  render  to  agriculture,  I 
made  a  point  of  paying  close  attention  to  and  recording  the 
surface  features,!  vegetation,  soils,  the  quality  and  supply  of 
water,  and  especially  the  marls,  which  I  found  to  occur  in 
large  supply  and  great  variety.  I  also  made  a  collection  of 
plants,  which,  although  omitted  from  the  subjects  mentioned 
in  the  act  creating  the  survey,  I  perceived  was  essential  to- 
ward the  characterization  of  soils.  In  the  prosecution  of 
these  studies,  the  close  connection  between  the  surface  vege- 
tation and  the  underlying  formations  became  so  striking,  tliat 
[  soon  largely  availed  myself  of  the  fonner  in  tracing  out  the 
limits  of  adjacent  formations,  in  searching  for  outcrops,  etc. 

I  also,  by  current  inquir}'  among  the  inhabitants,  ascer- 
tained all  that  was  known  regarding  the  peculiarities,  merits 
and  demerits  of  the  several  regions  or  soils,  from  an  agricul- 
tural point  of  view,  and  studied  their  practice  and  its  results 
on  the  several  soils  and  crops. 

During  the  latter  part  of  the  season  of  1856,  I  extended 

♦A  collocilon  of  fossils  from  these  beds  was  sent  to  Conrad  by  Dr.  Spill- 
man,  of  Columbus,  to  whom  I  had  given  a  list  of  good  foaslllferous  looanties 
of  that  group,  of  whlth  he  promptly  availed  himself.  The  same  sea»>n 
(18r»(;)  In  Conrad's  published  description  of  these  fossils  (Jour.  Acad.  Scl., 
Philadelphia.  Vol.  IV.  X.  S..  pi).  275  to  291.)  Dr.  Splllman  is  erroneously 
credited  with  being  the  discoverer  of  the  Ripley  beds.  My  original  collection. 
containing  a  number  of  species  still  undescrlbed.  was  unfortunately  never 
seen  by  Conrad,  with  whom  I  twice  made  arrangements  for  a  protracted  visit 
to  Oxford  for  the  purpose  of  studying  the  collections  of  the  survey.  His 
feeble  health  and  subsequent  death  prevented  the  carrylng-out  of  this  pro- 
gram. 

tNo  Instrumental  topographical  work  was  ever  done  In  connection  with 
the  Mississippi  survey,  partly  because  It  was  not  provided  for  by  law,  partly 
becau.se  the  continually  recurring  violent  l)ArometrIc  changes  during  the  work- 
ing season  rendered  the  use  of  the  aneroid;  so  u.seful  elsewhere,  very  luiaat- 
isfactory.  The  railroad  levellngs  then  available  were,  however,  fully  and 
extensively  used  by  me,  ani.  were  excluded  from  the  report  of  1800,  simply 
by  the  absolute  need  of  brevity  for  the  sake  of  reducing  the  expense  of  puo- 
Heat  Ion. 
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the  detailed  survey  of  the  cretaceous  area  as  far  south  as  Co- 
lumbus ;  and  thence,  as  the  beginning  of  the  rainy  season  ren- 
dered farther  field  work  unprofitable,  I  drove  across  the  coun- 
try to  Tuskaloosa,  Ala.,  in  order  to  compare  notes  and  con- 
sult with  Tuomey,  then  state  geologist  of  Alabama,  and  to 
g^in  an  insight  into  the  works  of  reference  for  cretaceous  and 
tertiary  paleontologn^' :  of  which  not  one  had  been  provided  by 
Harper,  although  at  his  request  tiie  costly  illustrated  works  of 
Goldfuss,  d'Ordigny  and  others,  treating  of  European  paleon- 
tolog}',  had  been  placed  in  the  University  Hbrar\'.  As  these 
works  did  not  furnish  us  with  the  means  of  identifying  the 
fossils  of  the  Mississippi  formations.  Harper  seriously  pro- 
posed to  confer  on  them  all,  names  of  our  own  making,  irre- 
spective of  previous  observers.  Upon  my  suggestion  that  this 
was  rather  an  unusual  mode  of  proceeding  and  miglit  at  the 
very  least  g^ve  rise  to  some  confusion,  he  agreed  that  I  might 
try  to  obtain  from  Tuomey  the  necessar\'  information  as  to 
the  possibility  of  procuring  the  existing  American  works,  of 
which  he,  however,  expressed  a  very  low  opinion.  Hence  my 
excursion  to  Tuskaloosa,  in  which  I  reaped  the  benefit  of 
Tuomey's  previous  labors,  and  came  to  an  understanding  with 
him  in  respect  to  the  subdivisions  of  the  cretaceous,  recog- 
nized by  him.  It  happened  that  he  had  just  returned  from  an 
excursion  to  the  (Ripley)  cretaceous  area  of  Chunnenugga 
Ridge,  which  was  entirely  new  to  him,  and  the  relations  f^f 
which  to  th^  other  groups  he  had  not  yet  made  out.  Rccof^:- 
nizing  the  characteristic  fossils  and  marlstones  of  the  Ripley 
group,  I  was  enabled  to  clear  up  that  i)oint  as  well  as  the  re- 
lations of  the  "Tombigby  Sand"  fossils  (which  had  been  sent 
to  him  from  Columbus  by  Dr.  Spillman)  to  the  "Rotten  Lime- 
stone," which  we  had  thus  far  designated  as  ''Upper,'*  but 
agreed  henceforth  to  consider  as  middle  cretaceous.  I  then 
learned  for  the  first  time  that  he  had  found  fossils, — well  pre- 
served ammonites  and  several  gasteropods,  silicified,  in  the 
lower  cretaceous  clays  near  Eutaw  (or  rather  Finch's  Ferry), 
Alabama ;  and  we  agreed  to  designate  this  lower  clayey  stage, 
which  in  Mississippi  I  bad  found  entirely  barren  of  fossils,  as 
the  "Eutaw"  group.  Subsequently,  prior  publication  gave 
precedence  to  SafTord's  name  of  ^'Coffee  group''  for  the  lower 
clays,  and  similarly  my  "Tippah  group"  received  from  Conrad 
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the  prior  name  of  "Ripley''  for  the  uppermost  cretaceouj. 
Tuomey  had  at  that  time  a  portion  of  his  second  repon  in 
manuscript:  and  as  unfortunately  he  died  six  months  after 
our  conference,  after  a  protracted  illness,  that  report,  which 
was  posthumously  edited  by  J.  W.  Mallet,  does  not  show  the 
latest  phase  of  Tuomey's  knowledge  of  the  cretaceous  stages. 
As  his  collections  were  mostly  destroyed  during"  the  war,  it  is 
of  interest  to  record  here,  from  my  personal  observation,  that 
almost  all  the  cretaceous  fossils  marked  "Miss."  in  list  "A," 
p.  257,  of  that  rei)ort,  were  from  the  "Tombigby  Sand"  and 
the  immediately  overlying  portion  of  the  "Rotten  Limestone." 
in  Lowndes  county,  Miss. :  the  "Ammonites  Binodosus,"  re- 
corded in  the  same  list.  fn>m  Kutaw,  Ala.,  was  considered  by 
him  as  a  "leading  fossil"  of  the  lower  cretaceous  clays:  the 
spiximens  were  all  silicified  and  in  excellent  preservation. 

As  regards  the  tertiary  formations,  Tuomey  was  strongly 
impressed  with  the  fact  that  the  older  stages  reapf)ear  above 
the  drainage  level  to  the  southward,  after  sinking  out  of  \iew 
at  the  vSt.  Stephens  l)luff:  and  he  suggested  to  me  then  that 
what  I  subsei|ucnily  named  the  "Grand  Gulf  rocks"  might  be 
equivalents  of  the  **I)urstone"  sandstones  of  South  Carolina. 
S«>  tar  as  tliis  point  is  concerned  I  was  therefore  strongly 
impressed  with  the  same  ideas  that  have  been  so  persistently 
set  forth  by  Otto  Meyer.  Having  obtained  from  Tuomey 
references  tc^  all  publications  then  extant  on  the  cretaceous 
and  tertiary  of  the  south  and  west.  I  returned  to  Oxford  in 
November,  across  a  country  rendered  almost  impassable  by 
coj)ions  rains. 

I  found  matters  rapidly  coming  to  a  crisis  at  the  Univer- 
sity. Harper  liad  been  provided  with  a  separate  ambulance 
oiittit.  and  had  taken  the  field  for  a  few  weeks  during  the  sea- 
>oTi  of  i8^6  in  the  northwestern  counties:  but  he  seemed  to  be 
unable  to  kceji  away  fn>m  Oxford  for  any  length  of  time.  Fi- 
nally, the  di>satisfaction  01  the  board  of  trustees  with  his  per- 
>«»iial  acts,  in  relation  both  to  the  survey  and  to  the  Universitv. 
eanie  to  a  head  in  XovenilxT.  i8^r>.  when  he  was  forced  to  re- 
>i.urn.  T  was  0"niiniied  as  assistant,  with  compensation  in- 
creased to  $i.5<-)«)  per  annum,  and  was  for  the  time  being 
nlaced  in  obarcre  of  iIk-  >iirvey,  the  office  work  of  which  I  con- 
liniie«l  •lurintr  the  winter. 


The  Mitsissiffii  Surfey  — JfUgvri,  at^j 

At  ibe  l^islative  session  of  1856- '7,  tunm-cr.  Harper,  by 
renaoBK  effort,  jmnirrd  tfac  passable  (■{  an  act  rniiUt^  *'Ad 
d  to  pnwiilc  for  the  ^jrintrng  ol  the  Second  Annnal  Report 
the  .\gTicuhural  and  Gcoloeica)  San-cy  01  ihc  State,  and 
■  other  fmrpofcs."  apfNxnvd  January  31.  1857.  The  sab- 
tial  ptmiskms  of  this  act  were,  first,  the  corojilelr  aepara- 
I  of  the  survey  frrmi  all  cont>ection  with  the  State  Uiuver- 
:  second,  that  the  sture^'  nhntild  he  jiroatvuied  if  comple- 
tion acrorttmg  to  tbc  pnmitirau  di'  the  pf^vioas  act.  "by  a  stale 
P?ok^«L.  to  he  afipmnied  by  the  ^nvemax,  and  tn  receive  a 
oi  ttro  tbonsand  dollars  per  aomtm.  to  be  famisbed 
)Wfxh  sQch  an  outfit  a$  ma}  be  neressary.  to  be  prtn-ided  under 
be  dincDcn  d  the  gof 'emnr :  he  shaD  alsc*  feccp  sn  exact  ac- 
ccnmt  of  hk  rxpense»  in  making  said  =urtey,  and  submit  the 
1  the  examination  of  the  po^emcr.  «ho  f>hall  oine  his 
reqiiisiticn  upon  the  titasnry  fr>r  the  aimnnt.  proridrd  the 
sum  shaJ]  nn  exceed  ddc  tliuuand  dollars  per  annum."  fm 
apipropnatjcm  of  twcK-c  butidrcd  dollars  naa  also  made  for  the 
purchase  of  cbenncal  appar^an^  fur  making  analysr^.  and  the 
state  grah]^^  waf>  stOfacrizcd  I  a^  a  iiKasare  oi  econcnny  sng- 
Jpvenl  by  himsdfi,  to  "occiipv  as  a  labonuorv-  the  two  frnit 
rooms  in  the  second  stoty"  of  the  peniientiary  buflding;  and 
he  shall  be  alk/wed  the  assistance  of  unc  mnrin.,  tr>  lie  named 
bv  !be  '^.--.-i  T.  ■..-.■■]  Inm  In  U-i".nn^  \v.-  ;ir[.;,ra!i,>  in  ^<^.~] 
order."  It  was  also  ordered  "that  five  thousand  copies  of  Pro- 
fessor Harper's  report  be  printed."  and  thereafter  distributed 
in  accordance  with  'Ate  provisions  of  the  former  act.  The  sum 
of  thirty-five  himdred  drflars  was  appropriated  for  this  publi- 
cation, and  Harper  entered  upon  the  office  on  March  i.  1857, 
bat  was  voted  compensation  from  the  date  of  his  resignation. 
in  Xo^-cmber  preceding.  TTie  only  work  performed  by  hin 
during  his  tenure  of  office  under  this  act,  was  the  writing  and 
publication  of  his  report,  which  was  done  under  his  personal 
super^-ision  at  Xew  York,  although,  like  the  former  report.  ;t 
bears  the  imprint  of  the  state  printer  ai  Jackson. 

Of  this  report  it  need  only  be  said  that  ii  i>  a  literan,-.  lin- 
guistic and  scientific  cariosity,  and  probably  unique  in  official 
publicatioDS  of  its  kind.  It  is  the  labored  attempt  of  a  sciolist 
to  show  erudition,  and  to  compa.ti!»  the  impossible  feat  of  in- 
terpreting and  discussing  intelligently  a  considerable  mass  of 
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observations  mostly  recorded  by  another  working'  on  a  totally 
different  plan  from  himself.  In  making  use  of  my  field  notes 
which  of  course  passed  into  his  hands,  the  facts  as  well  as  the 
conclusions  suffered  such  distortion  that  but  for  the  introduc- 
tion of  all  the  fif^Tures  and  diagrams  given  in  my  manuscript, 
I  soulfl  have  been  unable  in  many  cases  to  recognize  my  own 
work.  It  is  thus  that  the  **Orange  Sand"  becomes  in  his 
hands  "The  Mi<x:enc  Formation :"  while  what  he  saw  of  the 
Port  Hudson  lx*ds,  as  well  as  the  quartemar}''  gravels,  are  re- 
ferred to  the  ecxrene.  Shortly  after  the  publication  of  the 
lK>ok,  I  publicly  disclaimed  all  responsibility  for  either  facts 
or  conclusi(jns  pretended  to  be  based  upon  my  work,  since,  al- 
though my  name  is  nowhere  mentioned  in  the  volume,  the  in- 
numerable errors  would,  in  the  course  of  time,  be  likeh*  to  be 
laid  at  my  door.  The  circulation  of  the  report  through  the 
state  s(X)n  produced  the  inevitable  result  of  discrediting  its  au- 
thor to  such  extent  that  toward  the  end  of  the  year  1857  he 
was  obliged  to  resign  his  office. 

Shortly  afterwards  the  appointment  was  tendered  to  me 
(then  acting  as  chemist  to  the  Smithsonian  Institution),  and 
accepted;  and  I  entered  upon  its  duties  early  in  1858.  At 
Jackson  1  found  in  the  "two  front  rooms  in  the  second  stor>- 
of  the  penitentiary."  luidcr  the  charge  of  the  convict  assistant, 
the  outcome  of  the  purchases  made  by  Harper  under  the  pro- 
vision for  the  outfitting  of  an  analytical  laboratory'.  It  con- 
sisted essentially  of  apparatus  for  elementary'  lectures  in  chem- 
istry, and  an  expensive  microscope :  the  analytical  balance  was 
represented  by  a  i)air  of  ap<:)thecary\s  scales,  etc.  Under  au- 
thority of  the  governor,  a  portion  of  the  useless  articles  were 
sold,  and  the  proceeds  applied  to  the  purchase  of  necessaries 
for  analytical  work,  and  under  the  same  atithority  and  by  per- 
mission of  the  Ijoanl  of  Trustees  of  the  State  Universitv,  I 
transferred  the  whole  to  a  front  nxim  in  the  University  build- 
ing at  (Oxford,  which  I  fitted  up  as  a  laborator\%  at  a  personal 
expense  of  S/kx),  for  the  time  being.  By  this  evasion  of  the 
law,  framed  under  ]larj)er's  auspices  (which  was  mandatory 
only  in  respect  to  the  lr)c*ation  of  the  "office,"  but  not  of  the  la- 
lK>ratory ),  the  survey  was  again  practically  restored  to  its  ori- 
ginal connection  with  the  I'niversity,  without  which  the  work 
could  not  be  successfully  carried  on  under  so  small  an  appro- 
priation. 
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[  took  tbfr  ficM  *gmi  in  Apnl.  wilfa  the  same  cm6n.  an  am- 

;  with  two  nmfes  and  a  ncfrru  ^rirrr.  and  starting-  at 

'  Rtplry  cretaccoas.  i  dn-uud  the  icasm  to  ilie  vm&cauon 

t  a  full  section  across  the  tcniart*  area,  from  nonJi  to  sooth : 

pcludin^  al$o  the  detailed  cxamiiution  of  tbc  iosalitcrous  k>- 

i  Di  the  "JackscMi"  and  "Vidc^mr^"  stages  in  thdr  most 

:  de^-ekipcDenL    C^mrarv-  to  my  firet  impnssiijas, 

i  the  \'icksbarg  beds  cveri."»-1ierc  aiot^  their  southern 

t  of  autcrop&,  dtpprag  soutbK-ard  under  the  Ugnilo-g^-p- 

s  and  sandstone  strata  of  the  "Grand  GnlF'  groap.  whicfa 

;  abmiitly  and  sometiincs  in    sleep    eficarpoents    imoi    the 

'  rolling  or  prairie  coantr>  of  the  \'iclcslmrg  area ;  and  be- 

r  thus  led  to  consider  the  Grand  Gulf  tvcks  as  beloiq^ii^  10 

I  mkicene  or  poesihly  pleiocene  efKch.  I  denited  cvmstderabtc 

Btime  to  the  study  oi  its  t^itnre^  and  to  the  search  f<x-  f'Ksits. 

I  That  this  search  wa^  nna%'ai1ing  50  far  as  the  nnding  oj  defin- 

I  lie  animal  foirni>  is  conocmed.  and  that  a  $uli»ci^uent  oontinn- 

I  alion  of  the  search  over  the  n:si  of  its  ana  in  Mis«Ksippi  and 

I  Louisiana  has  led  to  no  befier  results,  I  hat-e  Mated  and  di«- 

I  cussed  in  later  publications.* 

The  fundamenta]  net  oi  the  miTa-posilion  of  the  \'idc»- 
bur^  beds  to  those  of  the  Grand  Gulf  grotqi  that  has  beoi 
called  in  qne^^tiun  b>-  Otto  Mr>'cr,  can  easil\  be  veri&ed  hy  anv 
iinderstandint:  t^e  '.-■c''  "f  ='- s'-rn:^'*:  — '  r."'  '-•-'-■  -— t'-^- 
cal  facts  in  numerous  localitKs  along  the  belt  01  contact.  1 
mention  especially  the  outcrops  at  Mississippi  Springs  on 
Pearl  river  below  Byram ;  on  Richland  creek.  Rankin  counlv : 
on  the  Brandon  and  Byram  road :  tKn-ih  of  Raleigh.  Smith 
coimty,  and  at  niunerous  other  pcnnts.  both  in  Mississippi  and 
Louisiana.  No  other  interpretation  of  the  strati graf^cal 
facts  is  possible  in  a  region  where  disturbances  1  apart  from 
small  local  bults),  are  imknou^.  and  where  tlie  broad  fac:^ 
are  identical  from  the  Chickasawhay  10  the  Siibine. 

In  passing  through  the  state  1  became  painfully  coni*-ioii> 
of  the  fact  that  the  sur\ey  had  become  extremch  unpiTiular. 
as  a  consequence  of  Harper's  incimibenc>-  and  report ;  --.i  much 
so  that  it  was  often  very  difficult  to  obtain  infc»rmation.  i>r 
even  civil  answers  to  inquiries.     I  felt  that  it  wouJd  he  nece~- 

•See  mj  MUttttimpI  Cryert  of  ISflO.  p  HT  im.  7<«r.  Sri.  1SS7  ;  /Wt. 
Not..    iae»:  Ibid..   Dm.    IETI]  :   nn..   July,    inm  ;    ■]■(•  i)mtTli       CtMOr.    CoL 
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sary  to  throw  off,  and  purge  myself  completely,  of  the  obnox- 
ious antecedents,  if  the  survey  appropriation  was  to  be  sus- 
tained at  the  coming  session  of  the  legislature.  I  thercfow, 
after  consulting  with  Governor  McWillie,  wTX>te  .a  short  Ri- 
port  upon  the  Condition  of  the  Geological  and  Agriculturd 
Survey  of  the  State  of  Mississippi,  of  22  pagfes,  8vo.,  which 
was  printed  by  executive  order  and  circulated  prior  to  the 
session  of  the  legislature  in  the  winter  of  1858- '9.  In  this  re- 
port I  discussed,  first,  the  need  and  advantages  of  a  thorough 
geological  and  agricultural  survey  of  the  state ;  recited  the 
causes  of  the  slow  progress  and  failure  to  satisfy  the  public, 
chief  among  which  were  inadequate  appropriations  and  the 
incompetency  of  the  late  incumbent;  also  gave  examples  of 
what  had  been  done  in  the  matter  in  other  states,  and  closed 
with  a  recommendation  for  the  repeal  of  the  law  locating  the 
headquarters  of  the  survey  in  the  state  penitentiary',  and  for 
the  restoration  of  the  geological  assistantship,  in  connection 
with  a  more  reasonably  adequate  appropriation. 

The  storm,  however,  broke  loose  when  the  legislature  as- 
sembled. Those  who  had  been  instrumental  in  passing  Har- 
per's bill  in  1857,  were  now  most  eager  to  have  the  survey 
"wiped  out"  to  allay  their  soreness.  A  special  committee  was 
appointed  to  investigate  the  subject,  and  without  even  giving 
me  a  hearing,  that  committee  promptly  reported  a  "bill  to  abol- 
ish the  geological  and  agricultural  survey  of  the  state."  In  pre- 
senting this  report  the  chainnan  inveighed  fiercely  against  the 
insolence  exhibited  in  my  report,  above  alluded  to,  and  my  at- 
tempt to  "coerce  the  legislature  by  forestalling  public  opinion.'* 
The  rci)ort  to  abolish  would  undoubtedly  have  been  promptlv 
arlopted,  but  for  my  forcing  a  personal  conference  with  the 
chairman ;  in  which  I  presented  to  him  the  documents  in  the 
case,  and  exhorted  him  to  abolish  me,  if  he  thought  there  was 
cause,  but  not  the  sui-zry,  the  revival  of  which  would  onlv  be  a 
question  of  time.  After  this,  the  "hill  to  abolish"  was  not  calle<l 
up.  and  the  survey  remained  in  statu  quo  during  1859. 

The  previous  season's  work  having  settled  conclusively  the 
succession  of  the  several  stages  of  the  tertiar}',  and  their  promi- 
nent stratifirraphical,  lithological  and  paleontological  features. 
I  devested  tlic  season  of  1859  to  the  filling-in  of  details.  I  went 
more  leisurely  over  the  .e^roiiiid  intended  to  have  been  covered 
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by  the  previous  joint  expedition  of  Harper  and  TnjrseM  in  1855,  * 
>-iz :  from  the  southern  border  of  tlie  cretaceous  area,  near  Co- 
lumbus, don-n  the  Giickasawhay  and  PascagDUla  valleys  to  tlie 
sea  coast ;  along  the  coast  to  Pearl  river,  np  that  river  to  Co- 
lumbia. Marion  county,  and  thence  across  to  the  Mississippi ; 
thence  northward  along-  the  eastern  border  of  the  loess  region 
to  the  belt  of  marine  tertiary,  which  1  also  examined  more  in 
detail  between  Jackson  and  Vicksburg.  All  these  observations 
only  ser\'ed  to  confirm  and  complete  my  previous  C(mclu6i<»is ; 
the  onlv  new  point  being  the  examination  of  the  perfriexing 
aspects  under  which  the  "Port  Hudsmi  gro«^)"  (tlien  provision- 
any  designated  by  me  as  "Coast  Pliocene"),  ^pean  on  the 
shores  of  Mississippi  Sound,  I  was  not  Itmg  in  rejecting  all 
ideas  of  its  direct  connection  with  the  Grand  Gulf  attata;  but 
its  true  character  of  a  littoral  member  of  the  deposits  of  the 
loess  epoch  did  not  become  apparent  to  me  until,  later  on,  I  bad 
the  opportunity  of  studying,  connectedly,  the  geology  of  sou^- 
em  Louisiana." 

Returning  from  the  field  somewhat  earlier  than  usual  I  be- 
g^n  tlie  arrangeiiient  ol  aateriain  for  a  report,  to  be  presented 
at  the  le^slative  session  of  i85^'6o,  with  a  view  to  its  publica- 
tion and  the  {vrxntrement  of  a  better  endowment  for  the  survey. 

As  an  earnest  of  the  work  done,  I  put  up  a  o^lection  pf 
soils  and  marls,  gathered  during  the  three  years'  work,  and  had 
it  on  exhibition  at  the  State  Fair  held  at  Jackson  in  November.- 
It  excited  a  good  deal  of  attention  and  newspaper  comment, 
and  gave  a  favorable  tum  to  public  opinion,  previously  aroused 
by  frequent  communications  of  results  made  by  me  to  agricul- 
tural and  other  papers  of  the  state.  Outside  of  the  fair  week 
I  carried  on  the  work  of  analysis  and  writing,  simultaneously 
and  unremittingly;  the  only  assistance  received  being  that  of 
the  legislature  convened  in  December,  1859.  But  there  was 
cataloguing  of  the  tertiary  fossils  by  Prof.  W.  D.  Moore,  then 
holding  the  chair  of  English  literature  at  the  University  of 
Mississippi.  The  manuscriot  was  not  nearly  completed  when 
enough  to  satisfy  a  special  committee  that  it  should  be  printed, 
and  that  the  working  facilities  should  be  enlarged. 

The  bill  reported  by  that  committee  and  afterwards  passed 
with  little  difficulty  by  the  legislature,  makes  no  radical  changes 
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in  the  previous  act  defining  the  objects  of  the  survey ;  but  pro- 
vifle>  for  the  app^^intment  ot  an  assistant  geologist  at  a  salary 
of  Si. 500:  enlarging  the  limits  of  the  annual  "expenses  neces- 
sarily incurred  in  fitting  up  a  chemical  laborator>%''  and  repeal- 
ing the  provision  for  keeping  an  office  at  Jackson :  permitting 
the  alternative  of  having  it  at  Oxford.  An  appropriation  of 
three  thousand  five  hundred  dollars  is  made  for  printing  the 
repfjrt,  "with  >uch  diagrams  and  maps  as  the  g:o\'emor  shall 
deem  necessary  for  its  illustration ;  and  it  is  herebv  especially 
enjriincd  uf^jn  hi>  excellency,  in  the  publication  of  said  book, 
to  have  the  >ame  j>er formed  at  the  South,  ii  the  same  can  be 
done  at  an  advance  of  ten  per  cent,  upon  the  cost  of  its  publica- 
tion at  the  Xorth." 

The  latter  clause  was  a  charactertistic  sign  of  the  times.  The 
act  was  approved  by  the  governor.  February-  10.  i860.  It  wa? 
soon  and  easily  ascertained  that  the  five  thousand  copies  of  tl'.e 
volume  could  not  be  printed  anywhere  at  the  Sc»uih  at  an  ad- 
vance of  ten  per  cent,  on  Xew  York  prices :  but  'jovemor  Pe:- 
tus  declared  that  he  would  not  allow  it  to  go  Xorth  under  an' 
circumstances,  even  if  it  had  to  remain  vnprinted.  Es::- 
mates  preparef^l  by  Mr.  E.  Barksdale.  the  state  printer,  showe-: 
that  10  f\o  the  work  in  his  office  would  c«:«t  over  §4,000.  at  thr 
I'jwest  e>tiniate  I  placed  upc»n  the  uno>n:pIete»i  manuscrip: 
Finally.  Mr.  Barksdale  proprrsed  that  ii  I  sh-:*-.i:c  be  personal:- 
resiK»nsibIe  i.»r  S250  of  the  excess  of  o:»st  over  the  amount  a'- 
li>we*l  by  tb.e  -tale,  he  would  cover  the  rest :  ar^d  I  accepted  thr 
pp  .i»>iii*.'n.  Tb.e  governor  relented  ?*>  far  as  m-  allow  the  mar 
which  C'.'ui'i  no:  Ix:  furnished  by  any  S'>i::hem  establishment. : 
K-  ];repared  1»\  the  *.'olion?.  at  Xew  V«>rk :  :he  :<her  plates  wer-: 
]ireparcd  at  Xew  <.>rleans.  The  printing  was  ^*;s:^l2n  at  Tacksor 
in  May.  iSi/'-j :  the  latter  T>r.rt>  •  •!  the  report  'Atrt  Izr^eW  writter 
wr.ile  'l-e  nr-t  u»rti'»r.>  Acre  [massing  thrviCgr.  the  press.  Bu: 
-eveni!  f'«rii>  v.t.Te  not  yrt  in  print  when  :r.  At:;5:tiS2  tmperativt 
rv.atter-  oalle'l  ::.r  :■»  EurvrM:-.  and  Prof.  W.  !>.  \kv:-rt.  who  ha: 
or*'.  !•  •/-!;.  a:!'-'!  rr.*-  in  w-.rkingr  i:p  the  lists  >f  t":ss:I<.  under- 
:  -  •!■  V  ■  -  -.-  •:•:  r'-:.r'.:::.:r-r  ■  :  :hc  W'.rk  :hr:-uir'-  th'c  r»res>,  Henc*. 
•'.  r-  r- :..;;::.  ::  :/.-.  Ici-.-rrr  ruin  *{  the  l>»k  a  nrzr.'n^r  of  imcor- 
r-:  ••  '1  -  rr:i*a.     :   .v!:::;-  ::.!ie.  li-.wever.  are  >:   material    consr- 
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text,  represents  my  personal  field,  office  and  laboratory  work 
during  four  years),  I  undertook  to  separate  as  far  as  possible, 
the  purely  scientific  part  from  that  bearing  directly  upon  prac- 
tical points,  in  order  to  render  the    latter  acessible  to  unsci- 
entific readers  a^  the  nature  of  the  case  permitted ;  while  at  the 
same  time  giving  scientific  discussion  full  swing  in  its  proper 
place.     This  was  the  more  necessary,  as  my  predecessor's  re- 
ports had  been  sharply  criticised  in  this  respect ;  and  I  think  the 
result  has  justified  my  judgment  in  the  premises.     The  volume 
is  thus  divided  nearly  evenly  between  a  "geological"  and  "agri- 
cultural" portion ;  the  former  giving  under  the  special  heading 
of  "useful  materials"  the  technically  important  features  of  each 
formation,  after  its  geological  characters  have  been  discussed. 
In  the  agricultural  portion,  it  seemed  needful  at   the  time   to 
give,  by  way  of  introduction,  a  brief  discussion  of  the  princi- 
ples of  agricultural  chemistry,  then  but  little  understood  by  the 
general  public;  and,  accordingly,  fifty  pages  are  given  to  this 
subject  and  are  discussed  with   reference  to  the  agricultural 
practice  of  the  State.     In  the  special  or  descriptive  portion  of 
the  agricultural  report,  the  State  is  divided  into  "regions"  char- 
acterized by  more  or  less  uniformity  of  soil  and  surface  fea- 
tures; and  each  is  considered  in  detail  with  respect  to  all  nat- 
ural features  bearing  on  agricultural  pursuits ;    special    atten- 
tion being  given  to  the  nature  of  the  soils,  as  shown  by  thei** 
vegetation  and  analysis.     In  the  latter  respect  I  departed  point- 
edly from  the  then  prevailing  opinions,  by  which  soil  analysis 
was  held  to  be  practically  useless.     My  exploration  of  the  State 
had  shown  me  such  intimate  connection  between  the  natural 
vegetation  and  the  varying  chemical  nature  of  the  underlying 
strata  that  have  contributed  to  soil  formation,  as  to  greatly  en- 
courage the  belief  that  definite  results  could  be  eliminated  from 
the  discussion  of  a  considerable  number  of  analyses,  of  soils 
carefully  observed  and  classified  with  respect  both  to  their  ori- 
gin and  their  natural  vegetation,  and  a  comparison  of  these 
data  with  the  results  of  cultivation :  and  that  thus  it  would  be- 
come possible,  after  all,  to  do  what  Liebig  originally  expected 
could  be  done,  viz :  to  predict  measurably  the  behavior  of  soils 
in  cultivation  from  their  chemical  composition.     To  what  ex- 
tent this  expectation  has  been  fulfilled,  is  hardly  apparent  from 
the  verv  limited  number  of  analyses  which  mv  unaided  work 
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in  (luestion.  No  such  question  was  raised  in  Mississippi  after 
the  publication  of  my  report  of  i860 ;  and  the  legislative  appro- 
priations for  substantially  similar  work  done  by  me  on  behalf 
of  agriculture  have  since  been  liberally  maintained  in  Califor- 
nia, despite  the  conspicuous  disfavor  with  which  the  geological 
sur\'ey  of  that  state  has  for  many  years  past  been  regarded 
by  the  public.  Had  that  survey  been  adapted  to  the  legitimate 
needs  of  the  state,  by  proper  diligence  in  the  pursuit  of  its  agri- 
culiural  side,  the  discontinuance  of  the  work  could  never  have 
been  carried  through  the  legislature. 

As  a  striking  exemplification  of  the  change  wrought  in  pub- 
lic sentiment  by  the  energetic  prosecution  of  agricultural  sur- 
vej-  work,  I  may  quote  the  action  taken  at  the  called  session  of 
the  legislature  of  Missisippi  in  August,  1861.  Under  the  terri- 
ble stress  brought  to  bear  on  the  state  even  then  by  the  im- 
pending conflict,  it  would  have  been  natural  to  expect  the  com- 
plete extinction  of  the  appropriation  for  the  survey  work.  In- 
stead of  this,  an  act  was  passed  suspending  the  appropriation 
for  the  geological  survey  "until  the  close  of  the  war,  and  for 
twfelve  months  thereafter;  except  the  sum  of  $1,250  per  annum, 
which  shall  be  applied  to  the  payment  of  the  salary  of  the  state 
geologist,  and  the  purchase  of  such  chemicals  as  may  be  neces- 
sarv-  to  carrj'  on  the  analysis  of  soils,  minerals  and  mineral 
waters  and  to  enable  him  to  preserve  the  apparatus,  analyses 
and  other  property  of  the  state  connected  with  said  survey.' 
This  appropriation  was  actually  maintained  during  the  entire 
struggle  of  the  confederacy;  and  so  far  as  the  vicissitudes  of 
war  permitted,  the  chemical  work  (and  even  some  field  work) 
was  continued  by  me  during  the  same  time.  The  scarcity  of 
salt  su^ested  a  utilization  of  some  of  the  saline  waters  and 
efflorescences  so  common  in  the  southern  part  of  the  state,  and 
some  forty  (unpublished)  analyses  of  such  saline  mixtures  are 
on  record.  I  made  an  official  report  on  the  subject  to  Govern- 
or Pettus,  dated  June  9,  1862.  I  also  made  a  special  explora- 
ticai  on  the  several  limestone  caves  of  the  state,  with  a  view  to 
the  discovery  of  nitrous  earths ;  but  from  the  fact  that  these 
caves  are  all  traversed  by  lively  streams,  I  found  nowhere  a 
sufficient  accumulation  of  nitrates  to  render  exploration  useful. 

Soon  after  the  beginning  of  active  hostilities  in  Tennessee, 
the  University  faculty  having  been  dissolved,  I  was  detailed  by 
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to  coiitrtbuic  8250  toward  ihe  payment  of  its  cost,  which  under 
the  coiiditUwis  then  existing  was  a  lieavy  tax.  The  edition  was 
received  at  Jackson  early  in  1866,  and  thence  distributed  ac- 
■■cording  to  law. 

The  mule  team  of  the  survey  had  been  sold  by  authority 
from  the  governor,  soon  alter  the  passage  of  the  act  of  sus- 
pension. There  being  no  legal  mode  of  turning  the  proceeds 
into  the  state  treasun,-.  ihey  remained  in  my  custody  in  the  form 
of  "Cotton  Money"  (notes  issued  by  the  state  upon  "'cotton 
pledged"  for  their  redemption)  during  the  war;  and  as  at  its 
end  these  notes  had  Ikcoihc  worthless,  the  survey  was  left  with- 
out means  for  repurchase.  Subsequently,  however,  a  suitable 
team  was  procured  out  of  the  appropriations  for  current  ex- 
penditures. 

Dr.  George  I.ittlc.  fomierly  professor  of  natural  sciences  at 
Oakland  College,  near  Rodney,  Miss.,  was  appointed  assistant 
geologist  in  July.  1866.  and  shortly  thereafter  took  the  field 
for  detailed  exploration  of  the  loess  region  from  Rodney  to  its 
fartberest  point  in  Louisiana;  the  special  object  being  to  ascer- 
tain its  relation  to  the  "Coast  Pliocene"  or  Port  Hudson  beds 
on  the  one  hand,  and  to  the  soutliem  equivalent  of  the  "Yellow 
Loam"  of  Mississippi  and  Tennessee  on  the  other.  The  gener- 
al results  of  this  exploration  are  briefly  stated  in  Memoir  No. 
248  of  Ihe  Smithsonian  (c.nlrilmtions.  p.  4.  vi^:  That  ihu  k.css 
material  gradually  changes  toward  that  of  a  non -calcareous 
and  non-fossiliferous  hardpan  or  indurated  loam,  fr<Mn  a  point 
about  eight  miles  below  the  Louisiana  line,  and  seems  also  to 
thin  out.  Xo  detailed  report  of  field  notes  of  this  trip  are  on 
record. 

In  view  of  the  difficulties  and  insecurity  besetting  the  office 
of  state  geologist  under  the  regime  then  existing  in  the  state 
of  Mississippi,  in  October,  1866,  I  accepted  permanently  the 
chair  of  chemistry  at  the  University;  and  Dr.  Little  was  then, 
upon  my  recommendation,  appointed  stale  geologist.  He  took 
the  field  in  autumn  of  1867,  in  order  to  re-explore  the  section 
of  the  tertiary  strata  afforded  by  the  Chickasawhay  river,  be- 
tween Enterprise  and  Winchester.  He  descended  the  stream 
in  a  canoe,  making  numerous  portages  over  shallow  stretches. 
The  result  of  this  re- examination  was  simply  a  confirmation 
of  the  obseirations  previously  made  by  myself,  going  by  land. 
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in  1839.     Of  this  exploration,  also,  no  detailed  record  or  re- 
port is  on  file. 

Xo  field  work  was  done  by  Dr.  Little  in  1868,  partly  be- 
cause by  consent  of  the  governor  he  was  actings  as  professor  of 
^eolog>'  and  mineralogy  at  the  University  in  addition  to  the 
survey  work  in  the  laboratory  and  collection  rooms.     In  Oc- 
tober, 1870,  however,  he  definitely  resigned  the  state  gecdogist- 
ship  for  the  professorship  of  geology  and  natnral  history  in  die 
University,  and  in  order  to  prevent  the  survey   from  being 
either  abolished  or  falling  into  die  wrong  hands,  I  again  as- 
sumed its  direction  without  additional  compensation;  it  being 
understood  that  I  should  be  under  no  obligation  to  take  the 
field  personally.     In  November.   1868,  the  assistantship  had 
been  most  fortunately  filled  by  the  appointment  of  Dr.  Eugene 
A.  Smith,  of  Alabama,  then  just  returned  from  his  studies  in 
Europe.     Dr.  Smith  took  hold  of  the  work  with  his  character- 
istic energ}-,  although  the  first  work  in  order  was  not  of  the 
most  interesting  character :  namely,  the  farther  prosecution  of 
the  analyses  of  soils  and  marls  selected  so  as  to  cover  as  nearlv 
as  possible  all  parts  of  the  state.     This  work  was  carried  on 
by  him  through  the  year  1869  and  a  portion  of  1870.     In  Sep- 
tember of  that  year  he  took  the  field,  \\-ith  the  usual  outfit  of  a 
two-mule  ambulance  and  driver.     There  were  then  two  regions 
in  the  state  that  had  not  been  at  all  satisfactorily  explored :  one 
the  belt  northward  of  the  Jackson  area,  of  which  only  the  por- 
tions lyin^  in  Neshoba  and  Lauderdale  counties  on  the  eastern 
border  of  the  state,  and  a  small  area  in  Attala  county,  near  the 
Central  railroad,  had  been  somewhat  minutelv  examined  bv 
nie.     This  being  the  connecting  link  between    the    "northern 
hgnitic"  and  calcareous  marine  stages,  its  examination  was  of 
>pccial  interest,  but  at  the  same  time  a  difficult  task  on  account 
«»f  tlie  extreme  variability  of  its  materials  and  fossils,  and  the 
scarcity  f»t  nmcr-'j^s.     The  other  comparatively  unknown  re- 
gi«»n  \va«^  the  sfreat  '*Vazr>o  bottom/'  the  geological  exploration 
«'f  which  ha'l  bec'-iiic  of  esi>ecial  interest  in  connection  with 
thi:  nnesti"n  «■{  the  a.crc  of  tlie  formation  of  the  gulf  coast  and 
<lclra. 

While  tile  li-'iioni  ret^HMn  was  to  be  the  chief  objective  point 
i'i  the  first  exi)e(liti".'n.  Dr.  Smitii  availed  himself  of  the  oppor- 
inniiy  of  r»b-rr\inc:"  a  -ection  acT'T-ss  the  older  tertiary  in  pass- 
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In  September,  1871.  Dr.  Smith  resigned  the  assisiamshipici 
take  the  chair  of  geolog}-  and  mineralogy*  in  the  University  « 
Alabama,  with  which,  through  his  efforts,  the  state  geolop^si- 
sliip  of  that  state  was  after\\-ard  connected. 

His  successor  in  the  assisuntship  of  the  Mississippi  sunrcy 
was  Mr.  R.  H.  Lx)ughridge,*  of  Texas,  who  had  for  some  time 
previously  acted  as  my  assistant  in  the  chemical  laboratory*,  and 
subsequently  as  instructor  in  general  chemistr\'.  Mr.  Loi^ifa- 
ridge  prosecuted  the  chemical  work  of  the  survey  during  i 
j>art  of  the  year  1872.  and  was  preparing  for  the  elaboraiioa 
of  another  report  covering  the  work  done  since  the  publication 
of  the  report  of  i860:  when  by  an  arbitrary'  ruling^  of  the  statf 
auditor  of  juiblic  accounts  the  sur\'ey  appropriation  was  with- 
held :  and  thus  in  the  autumn  of  1872  the  work  was  peremptori- 
ly stopped. 

It  lias  not  i^een  revived  since,  although  so  far  as  I  am  aware 
the  act  of  i860  has  never  been  legally  rescinded.  Xo  pro- 
vision for  the  publicaticm  of  the  unpublished  results  lias  ever 
l>een  niaclc  by  the  state :  the  records  and  collections  of  the  sur- 
vey remain  in  the  custotiy  of  the  I'niversity  of  Mississippi,  and 
wore  left  hv  me  fullv  labeled  as  to  localitv  and  time  of  collcc- 
lion,  with  reference  to  the  field  notes,  and  to  the  name  or  desig- 
nation under  which  the  specimens  of  fossils  appeared  in  my  re- 

When  I  tiX'k  charsre  oi  the  Tenth  Census  report  on  cotton 
prvHhiciion,  a:ui  a:  :r.y  suvrirestit:^!  it  was  determined  by  Super- 
in:c:^U*ni  Walker  tliat  agricultural  descriptions  of  the  cotton 
>!,i:c<  >:>n:M  -v  oiv.lvxiicd  in  the  rep<">rt,  I  requested  of  Presi- 
vlc:;:  A.  P.  Stewart,  of  the  I'niversiiy  of  Mississippi,  permis- 
N'..'v.  iv^  i!>o  :;u-  r^wrvls  ^^f  :h.e  >ur\-ey  in  the  elaboration  of  the 
reiK**-:  .»n  :!\i:  ^Mte.  :Vr:r.:<>i'>n  was  promptly  g^ven  and  the 
iv.iH'^  :\*r\\.irv*.c\-  :.^  r^erkelcv.  Calif.:  and  thev  were  used  bv 
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ored  map  of  the  state ;  showing  the  several  soil  regions,  which 
in  this  case  largely  coincide  with  the  geological  subdivisions 
as  given  on  the  map  accompanying  the  report  of  i860.  While 
the  surface  features  of  the  state  are  given  ver>'  much  in  detail, 
the  geological  description  is  considerably  condensed,  into  one 
and  a  quarter  pages ;  since  greater  minuteness  of  description 
would  have  lain  outside  of  the  objects  of  the  report.  Hence, 
except  as  casually  mentioned  in  connection  with  the  surfaces, 
the  geological  observations  made  by  Dr.  Smith  in  1870  and 
1 87 1  remain  unpublished,  save  as  regards  the  abstract  of  his 
observations  in  the  Yazoo  bottom,  given  in  the  paper  referred 
to  before. 

A  revised  edition  of  the  report  of  i860  would,  without  addi- 
tional field  work,  form  a  pretty  complete  account  of  the  geolog- 
ical and  agricultural  features  of  the  state. 
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Reports  of  tfu  Tenth  Census. 

19.  Report  on  the  Cotton  Production  and  Agricultural  Features  of 
the  State  of  Louisiana,  4to.  03  pp.  and  two  maps.  In  Vol.  5  of  the 
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20.  The  Salines  of  Louisiana,  L\  S.  Geol.  Survey  Report  on  the 
Mineral  Resources  of  the  United  States,  1883.  p.  938.  8  pp. 

21.  The  Old  Tertiary  of  the  Southwest.  Am.  Jour  Sci..  October. 
1885,  4  PP- 

22.  Orange  Sand.  Lagrange  and  Appomattox.     Am.  Geologist.  Vo\ 
8,  1891,  2  pp. 

23.  The  Age  and  Origin  of  the  Lafayette  Formation.  Am.  J'Ju- 
Science,  May.  1892,  13  pp. 


EDITORIAL  COMMENT. 

pleistcx:ene  geology  of  northern  and 

central  asia. 

Prof.  George  Frederick  Wright,  of  Obrriin,  ^jhi^j.  znd  ii.- 
son,  Fred  B.  Wright,  returned  home  ai»ur.  Apnl   [st  fror:: 
journey  arotmd  the  world,  chiefly  uyc  getjluj^cal  ot^rrvai::-  • 
which  occupied  somewhat  more  than  a  y«Ar      Tb^ir  p.Hir.c    *  i* 
by   the   Southern    Pacific   rai  I  w  ay    to    ' .  ai  i  f ♦  jm  la  .     difrr. • :  ■ . 
Hawaii.  Japar.  a.n«!  Oiina,   !ra-. -n^r  ':-*-.  ::'       -'/-«•  ^  .^     ■  - 
beginnins:  •.•:  ihr  Eoxrrr  r.za.^.-.^r.r-'-    r'-.'r     v    .-.     •...-      -• 
ed  rr.'Acr.  ■:•r:a^  ir*:  per:!  .  by  *:>-    "-'..r-',::    -t.      1       ..i—     ^ 
Baikal,  ar  :  'n.-'t'.:r.i^  :hr     1^1   >  :— :ar     -       -     " 
burc::   :r.-rr.:-r   v.r'.ucr'*".    ''.'■*'    r-^::'"^    :■    '   - 
Black  ar.i    .a.-'Tir:  -ra.-..  "      '-'^'r^..-.  i     :       i     - 
thtr    M-riitr—iTTr^iT    ^^.^:    -</>:".-"—     '-..-■'  .'-    ^   ■ 

tht-nce  ■  y  Z»>*  r   ir.*":    '  •:  \    '.    '-■ 

Mar:h  ^•-    v-  ^  tv— ':'cf     '       •       --      ♦.     .     -  ■ 

and  Cer:-.-^'    -.a."  r'—r-    ■       . 
serial: :r.-  lt-  ■  :r:r:ar--':  -  :   -.     : 

there  ar-r  '      -.27:-  --    ■  -    ■  -^^ 
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Neither  is  there  any  sign  of  glaciation  along  the  border  of  :hc 
Mongolian  plateau,  where  the  general  elevatioi*  is  5.000  ft.  bin 
the  whole  region  ii  covered  with  loess.  This  has  usually  ac- 
cumulated like  immense  snow-drifts  on  the  southeastern,  or  let 
side  of  the  mountains,  and  in  it  houses  and  villag^es  are  exca- 
vated. In  the  mountainous  r^on.  strata  of  gravel  and  pebble? 
are  so  frequent  in  the  loess  that  it  is  necessary-  to  invoke  both 
wind  and  water  in  order  to  explain  fully  the  origin  of  the  de- 
posit. At  the  prestrni  time  the  loess  in  the  interior  is  beini: 
washed  away  by  the  streams  much  faster  than  it  is  being  de- 
posited by  the  wind.  The  journey  across  Manchuria  from 
Port  Anluir  along  the  Li»Ho  and  Sungari  rivers  was  through 
valleys  choked  with  alluvium,  and  there  was  no  evidence  that 
the  drainage  of  ilie  Anmr  had  ever  been  reversed  by  ice.  like 
that  of  the  St.  Lawrence:  nor  was  there  any  other  eridence 
of  glaciation.  The  !•  'wer  course  of  the  Amur  indicates  sub- 
sidence. AgaJ!!.  ilxTc  are  no  signs  of  glaciation  on  the  \'itini 
plateau. 

"I^kc  Uaika'.  ap;»cars  to  be  of  recent  origin :  it  is  4,500  feet 
deep,  and  lias  iv>\  r<\.-n  rilleii  by  the  great  quantities  of  sedi- 
ment br^^uglu  dowr.  by  the  Selenga  and  other  rivers.  Although 
glaciers  o«.»i:l'.:  :rtv.i:en:ly  Iv  seen  on  the  mountains  which 
iKTvler  :::c  Cc:::ra*.  Asiatic  p'.ateau  on  the  northwest,  there  was 
r..^  ovider.ce  t;:a:  t'r.e  ii'.acicrs  had  ever  deployed  on  the  plain, 
ri'.c  \<*ss  roi:::::  ■:  rv.rke>tan.  and  indeed  the  whole  area  from 
tl.c  sea  or  .VtvI'  t.-  :'.:e  L'«':ick  sea.  appears  to  have  been  recendy 
f'.cvatcv.:.  \:\  s-.^.r.^-  :^*aces  as  much  as  3.000  feet.  Desiccation 
t> 'x  : '..icc  at  ti:c  >.i:::e  t::::e.  s..^  ii:at  the  larger  lakes  are  only 
*:>r^ivk*.s::  v^r  st:'.!  tro*::  Ihroj:  evidence  of  this  in  the  form  of 
.U-.v  >•:>  :s  ci^^'*  ■■-  Av.:":.~r  thinks  it  likelv  that  the  absence 
.'!  i:*,ic\itixv:  :••  ::  rt".-;.r.*.  A>:d  :::ay  have  been  due  to  the  rain- 
\>N".c>s  o:  :•.  Tit:.-.  '.:■'.  "--^■.  Ahile  .\merica  was  elevated. 
\  N  \a  w ,:,  N  . U  ■.  : .  ^  s ;'  ■    ".  f.  7 -. "  c  "-  '*- V  '  r * acial  ep<xh. " 

I::  v\^"\v::  -v  a::  •  t'/.c  '.isctissi^n  'A  this  paper.  Prof. 
W  "v:*-.  .!'Sx  ".i-.'-v ."  .-.•  ■  ••::-.•*.:::•■•.  :  :■  imply  an  eolian  origin  for 
;  v*  vVnn  /:  :;\'  \'.  ^>  >>-.  .  .  a!".c-.  .  >:it  attributed  its  deposition 
•. ' \- •  V  ii »  .1: V- '. V..I*  : : \ .-  •  •  •  >  ■  * •  ^>t \ •'  •:  s: j:»rt  duration,  followed 
i;  v  \ !  v  I  a  1 1  \  .  h.  V  :  • ;  j;  .:  ^^  ■  v . . : ,  ■  ■.  a  r:  ; :  each  year  by  aerial  ex- 
P*«nuu*  y^\  i'\-  '■  ^^  '  •  X—  :::"i:  it  to  be  occupied  by  veg- 
eUlii'U  aui!  \a\\'   >   .     >  W.    L. 


Rcziczi-  of  Recent  Geolo£ical  Literature.  .<i.; 


REVffiW  OF  RECENT  GEOLOGICAL 

LITERATURE. 


1  1 . 1 


li\ts  M'.'uu:  R.-'wl  an  Active  /'o/*-j*i.>/     \\\    I.  S.    Ilri  ii\.. 

C.  L.    Canadian  Record  of  Science  \ Dl.  \'IiI.  .\»..  ■;.  ;i|.   .:j  . 
It  is  well  known  that  the  broad  and  nearly  U-vei  \n\\>\   •  :  '. 
Lawrence,  which  ii.  underlain  with  paleozoic  strata,  iia-  ^-iiii'-r-   ; 
inous  denudation,  unique  evidence  oi  which  i>  iurni>iii-(i  li>  i;i' 
ing  series  oi  intrusive  hills  which  crosses  the  valiey   ipmi  a1    i  ■ 
Shetford.     These,  owing  to  their  greater  re>i^iaiK«     i 
out  in  bold  relief,  rising  to  hights  of  sc\en  huiit.ln-ii  ;■.  ia 
leet  above  the  plain,  while  high  up  i»n  liuir  mm|h-.   -i.i  :. 
ments    are  often  found  I'w  situ,  giving    unmi-i.nsa.i.-     -  . 
once  greater  thickiies>  of  the  sedimeniai  \   "itji  ■ 

In  the  above  mentioned  paper,  the^c  ami  -iiin:    j...  . 
cussed   in   support   of  the   hypt.iilie>i>   thai    Mi'".::.'    .      . 
ered    laccolite   instead   of   a   ••ik\-   active    •.••ji.i..  ■ 
seven   hundred  and   forty-four   feti   .I'l-.r   il.-     .:      :-.:  . 
Montreal  and  sedimentary-  patcht-?  <.hiji    ■-:.  . 
corroborative   evidence    the    piutium     'i:.::...! 
together  with  th«r  a  licence  -.'i   tuff  -»r  '.::  ;■..• 
a<  a  slight  upiii:    »:  :hc  -iraia  in   -<■:.•    • 

Since  the  ab^c::C'L-   ■: :   any   l«i:i   •]•■;.    ■ 
tici'L-n.t'y  riCC-M:!"."-.  I  :    -     ;    ::.-    •   .•' ■ 
:::  •■:  n^  '.hr  vj-!::*.:  ^      :   ■;       -•.  . 


T  -    ■  ^  .. --.     .  ■  ■ 


•     ,...-• 


•  ji,      •»■-.•  .ii- 
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perial  Institute.  London,  and  was  pronounced  by  experts  to  be  of  ex- 
ceptionally high  value  for  electrical  purposes.  Molj-bdcnite  from  Qne 
bee  and  Ontario  was  tested  in  the  laboratory*  of  McGill  univcrsiir 
and  samples  of  auriferous  black  sands  from  the  At  I  in  district  were 
also  examined.  These  samples  \-aried  from  0.5  02.  gold  per  ton  to 
5.985  oz.  gold  per  ton.  Mention  is  made  of  the  discoverj-  of  anthradt: 
coal  in  the  region  about  the  headwaters  of  the  Sheena  and  Slikin* 
river >.  It  is  estimated  there  are  22.ooo.ooo.coo  tons  of  possibly  work- 
able coal  in  the  Crow's  Nest  Pass  coal  fields.  Coal  has  also  been 
found  in  the  Klondike  region  but  so  far  possesses  only  a  medium  ecc- 
noniic  value. 

Reference  is  made  to  the  collection  sent  to  the  Paris  exposition. 
This  collection  weighed  about  70  tons,  and  comprised  over  i.aoo  sepa- 
rate exhibits  and  was  much  larger  than  any  shown  by  Canada  at  any 
previous  international  exposition.  The  awards  actually  awarded  to  the 
Canadian  mineral  exhibits  comprise  six  grand  prizes,  ten  gold  medals, 
eighteen  silver  medal >.  nine  bronze  medals  and  four  honorable  men- 
tions. 

The  nu«>t  :TniH>nant  facts  of  economic  value  are  contained  in  the 
descr:p::or.s  01  :l:e  following:  The  placer  mines  (estimated  to  pro- 
duce over  $ir».ixx\ooo  this  year ».  the  lignite  area  and  the  While  Horse 
copper  depv^sits  in  the  Yukon  district,  the  Atlin  and  West  Kootcnay 
gold  lic'd-  ?.r\K\  the  extensive  coal  area  of  the  Crow's  Xest  pass,  in 
Hh;:>l-.  C\-.:ir.V..i.  :he  iron  l^earing  rocks  of  the  Michipicoten  district 
inclr.dinis  the  lie'cr.  mine,  which  from  definite  measurements  con- 
t,iins  jf\oix^.ooo  '.v-^ns  oi  ore  and  possibly  a  much  larger  quantity:  the 
.ill;i\ial  jjoln  dt !»•>:!<  oi  \e\v  Brunswick,  and  the  extensive  and  im- 
;v^r:ant  v-oal  dev"  >::>  oi  Spr-.r.ph':!  and  Cape  Breton  in  Xova  Scotia. 
A  *.riri:e  .tmov.:i:  •  :  ^--rk  \\r->  cone  by  all  the  field  parties  in  mapping^ 
.;::  !he  ^^ooloi::v^.'  i.  r:v,\i:ozi<.  ard  :n  making  sur\*eys  and  collectinij 
f.ic:-  .iS^v:  ;1h  rijj;r:*.>  :r.;\er>cd  >o  thni  the  report  contains  valuable 
:nti  r:r,.r.:rn  aho:::  :^c  V'*>>''^^'C':iphy  ar.d  natural  history  of  large  areis 

'.r.  \]'.i   •  \iir  ]^i■^::•ct^  r.>  ^m:"  ;<>  ir.  outlying  districts  including  Great 
i""    -  -   ■  ■ 

;':o  \xt-rk  i'..  'u  -  chiir>:ry  :.r.r.  mineralogy,  mineral  statistics,  petro- 
.c:."»r''>  IV.',: I. •".:.'.»:>  ..••«.■  .- >  -j^y.  K-^tany  and  mapping  is  fully  set 
:.-r:]-.  b>  \\\c  c>':  I'^vV  ••-.  cl-:.r~ci  of  ir.ese  branches.  w.  j.  w. 

.'■..j.;i>>  .  •  .'  -    -■.  '.' )■  ^',\:^:      Ky  W.  W.  Mn.LER.  Jr.     .-Ifw.  Chrm. 


■  I'  . .  •  ■     k  I  >.  •  ■ 
"■1. 


y.c  c:vi:\    .v..>         ;.   '..<;.\y   \riv:e  near  Whittle's  on   the  line  of 
tV.t   S.';':^-t'--  ■  V  ::->•...:•:.-.  vv.v.rty      li  is  described  as  a  black. 

»:x^:..:  v.t  -v/.v-  ;.v  .:  :  ■.■''..?:  \\\:]-  specttic  gravity  4.205:  and 
'■.,-,■■,  sv  S  .";i'  ..-..  \-  >  -  ■  ..  -  -  ;."-."r.:r.-s.  5^74:  ferric  oxide,  15-50: 
*,  ■:.  v  .  \  ^ic  .V  •-  -  ,\-  ,•  rc^  ::.-.::.*  vide.  186:  soda,  3.05.  The 
:*••:,  ■.-.v  i^v^^'.c  ••"  t\»%^<  .  :  :':■  .'  -i-.::'i.-.  !.  form  magnetite,  is  supposed 
:i^  '.v  prefer:  .;<  *a-.\     :i-    ";    ■.    /      .-v".  :^t   >vHla  is  considered  to  take 

the  pUcr  «>f  :V<*    :\'-.    -      \  *   ^   rt.iditior.a!   hercynite.  thus 

nshv't;  ■  ■.  :  .  ■  .    ;.   ^v"*-::-';:  car  exist  as  corundum. 
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paratus  of  esi>ecially  desirable  pattern  have  been  figured  in  the  test 
Chemists  will  liiid  the  parts  devoted  to  the  estimation  of  small  qnaob- 
ties  lit  the  rarer  rt>ck- forming  elements,  titanium,  zirconium,  chromhia, 
vanadium,  molybdenum,  barium,  and  strontium  of  particular  interest; 
also  those  devoted  to  ferrous  iron.  The  author  finds  in  the  stroi^R- 
ducing:  action  which  sulphides  even  in  small  amounts  liave  on  fenk 
salts,  an  cxplanatii>n  of  the  fact  that  ferrous  iron  estimations  br  Ik 
>ealed  lube  method  of  Mit>cherlick  give  higher  results,  as  a  rule,  tbM 
ih«^>e  iM)tained  by  other  methods,  this  difference  becoming  more  markd 
as  the  iHTCcniagf  oi  iron  increases.  All  rocks  contain  sulphur.  £ 
least  in  irace>.  and  the  more  highly  ferruginous  ones  not  only  coo- 
miMily  carry  higher  percentages  of  ferric  iron,  but  considerable  quanti- 
ties oi  iri>n  >iilphide>.  conditions  exactly  calculated  to  produce  the  re- 
sult >  obtained.  During  the  heating  ot  the  rock  powder  with  sulpboric 
acid  in  the  >ealed  iuIk*  the  <ulphur  of  the  sulphides  is  oxidized  to  stf- 
phuric  acid  at  the  expense  of  the  ferric  iron.  In  this  way  as  little  as 
o.io's  oi  >ulphur  increases  the  ferruu>  iron  by  an  error  of  I.J5*.  Thi« 
>eemN  tt»  furn:>h  a  correct  and  interesting  explanation  of  a  long  nn- 
>olveil  pr«»Meni.  The  wide  experience  and  established  reputation  of  the 
author  make  ilii-  carefully  prepared  bulletin  a  most  valuable  addition  to 
the  literal I'.re  of  .malyiical  chemistry  and  it  will  lind  wide  use  by  ge»il- 
oKi>i^  anii  pitr«»krrai>lKT>  nuere>leil  m  rock  analysis.  w.  a  c 

.In.ilysrs    '•  I\  \ks.  I.jr  ror  *r\'  ,>r  tlic  l\  S.  Ccolo^ica!  Sun-ry.    Tab- 
ulatoi  by  V   \\  .  O.  \rk.     \  Hull.  \:\  i68.  ('.  .S".  Gcol.  Sur.) 
In  thi-*  i»\iiie:'n  aro  tabulated  the  results  of  1.404  analyses  of  rock*. 
mineraK.   clay-,   etc..   which   have  been   made  Inrtween    the  years  1880 
and  i8S«i.  '  \   :l'.c  v. 'u-mi-t-  c-  'nr.ocied  with  the  U.  S.  Geolog:ical  Survey. 
The  anai\>c-  ..:\   .irranjiod  :n  srr«)Up>  according  to  the  geogrraphical  lo- 
cal ii-n  .«t  !'::*.::  :c-iu'c!:m-  r«vk>.  and  with  each  one  are  such  notes  and 
retervnci-  .1-  .i:e  Txve>>ary   it»r  the  proper  identilication  and  study  M 
I  Ik-   rooK>      A   Table.   >howing  ilie  average  comjHisition   of   the  eanh's 
crv.>i  ,i^  v\.!v  :■!..'. I- 1!  In   F.  W.  Clark  from  some  eight  himdred  carefully 
>e\vtii!  :-vk  .i::.t'y>e>.  i-  an  interesting  and  valuable  part  of  the  intro- 
I'.-.iv*::  'V.      I'm'-v    »i I  -'«•»: >t    \\:!!   apj^rcciate  the  high  value  of  this  bul- 
let-r.  w.  o.  c 

.;      .":.*■■    '■■    ■''   .'.: 4V. 'i\;. :.•;.':   ;j;.' •  tnC  floz*.'  of  MarMc.     -By   Fr.wk 

1U\\-«N      \^iy.>    ,^v.^    }Mis     iHtiM AS    XiCHOLSON.       {Phil.     Trans 

K   \    S  .     .     '..:    •;    .  ■  ;    :  .^.  ;m^  ;x(\V40I.  pis.  22-25.  I90l.'> 

\'\\K  ,t::-.!"v  .,'.  pT.^t-i'.c: '.»■!•.    ■!  -Trr.ctures  foimd  in  nature  is  a  depart- 

:nir.:  .»:  •vnc-v.  c.*'  'v.  c.i^\iV"o  ■  t*  yielding  data  o\\  many  problems  of  a 

tluN>:o:u\;'.    •:..:■.:: V       Mn    :.\»:iv,i:   and   iV^wage  of  n-vcks    in   the  deeper 

Y.\\\  '-i  'I'o  i'.-.-:'.-  -  v'r-.>:  .-.ro  0  «ir.Tv.-  n';y  supposed  to  l»e  due  to  the  inter- 

.,v::.vi  ^\  '.'vvo  '.'lO:  ^:-       c:t..:  '.^re^*::re.  high  temperature,  and  pcrcvv 

l.»:'.:ig    w.iio:      \v    :!t"    ^  \-,ht  t.u*::-    here   described   carrara    marble  i* 

p\ux»d  sn   >p<v...y>    vv>v  -..twi  cy!::u!crs  and  subjected  to  differential 

picssure  undc:    n.^->'.".i:   iV *•*.".. :i^v.>      IVy  marble  at  ordinary  tcnipera- 

hire*  de\elov*.*'   •  vt:...^',.-:  0  -t:/s-".v.ro.  exhibiting  an  anastomosing  net- 

wmk  111  cj'.i'v   c:,.v.::\-  n\  v*  '^..-'m.:  ..hearing  line*.     MacroscopicaPy 
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scries,  the  whole  had  been  folded  in  two  directions  and  extensively 
faulted  and  eroded ;  and  at  some  times  before  this,  enormous  masses 
of  granite  had  been  intruded,  cutting  the  veins  and  folds.  These  gran- 
ites are  not  all  of  the  same  age,  but  range  from  pre-Silurian,  when 
some  of  it  in  the  east  probably  cooled,  to  Devonian,  which  is  the  age 
of  the  large  mass  in  the  western  half  of  the  province,  if  it  be  one  in- 
trusion as  seems  likely.  It  is  probable  that  the  mountain  building  was 
pre-Silurian.  Before  lower  Carboniferous  times,  three-fourths  of  the 
whole  gold  series  had  been  eroded  from  some  regions. 

Dr.  Daly  has  done  well  to  emphasize  the  real  lack  of  mountainous 
projections  in  this  part  of  Nova  Scotia.  Transportation  companies' 
prospectuses,  with  the  too  vivid  descriptions  of  untrained  tra>*clcrs, 
have  given  a  prevailing  impression  of  ruggedness  where  none  exists. 
For  this  there  is  excuse;  but  there  is  none  for  the  statements  on  the 
subject  which  have  appeared  in  some  geological  articles. 

The  structure  and  history  of  the  Triassic  area  and  the  history  of  the 
Bay  of  Fundy  trough  are  reviewed  at  length,  from  the  literature.  The 
main  peneplain  has  been  affected  by  two  warps,  one  in  the  direction 
about  S.  30°  E.,  east  of  Digby ;  the  second  transverse  to  it,  aflFecting  the 
western  part.  These  are  believed  to  have  aided  in  the  formation  of 
the  Tertiary  lowland  on  the  Trias,  by  reviving  subaerial  work.  The 
Carboniferous  areas  arc  referred  to  the  same  age  as  regards  their  de- 
nudation, -from  similarity  of  hight  and  topographic  form.  The  dates  of 
the  two  peneplains  have  been  placed  as  Cretaceous  and  Tertiary,  on 
account  of  similarity  with  corresponding  ones  along  our  own  Atlantic 
coast.  At  the  clc^sc  of  the  paper,  (p.  98),  a  table  of  homologous  forms, 
expressed  in  terms  of  history  is  presented,  comparing  New  England 
and  Acadia ;  and  the  general  resemblance  is  certainly  striking. 

Shore  and  stream  development  are  not  considered ;  but,  especially 
with  no  topographic  maps  for  the  area,  this'  would  require  a  Irrgc  . 
amount  of  field  work,  and  doubtless  will  be  given  to  us  in  time.  Cape 
Breton  is  eniirely  left  out  of  the  problem;  and  perhaps  this  is  well,  for 
it  requires  special  study,  being  largely  a  topographic  and  geologic  unit 
of  itself.  Ii  may  be  said,  however,  that  it  has  had  a  somewhat  similar 
development  in  outline. 

The  gelatine  i)]atcs  are  for  the  most  part  excellent,  and  give  very 
vividly,  especially  to  one  w^lio  knows  the  structure  of  the  country,  some 
of  the  chief  topographic  phases.  The  map  leaves  something  to  be  de- 
sired, in  that  it  is  too  light ;  and  it  might  better  have  occupied  the 
whole  page,  tlie  legend  being  placed  on  a  separate  sheet. 

On  the  whole,  any  criticisms  of  this  first  study  must  be  of  a  minor 
nature;  and  we  owe  much  to  Dr.  Daly  for  being  the  first  to  give  us 
an  intelligent  idea  of  the  topographic  development  of  a  country  hitherto 
rather  neglected.  'J'he  recent  tendency  of  American  students  to  invade 
Canada  deserve>  a  passing  notice.  Within  a  year,  for  instance,  two 
more  studies,  of  a  qnite  detailed  nature,  will  be  published  from  Har- 
vard University,  dealing  with  problems  which,  from  the  nature  of  the 
work,  have  been  largely  overlooked  by  previous  observers.        j.  e.  w. 
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The  Structural  Relations  of  the  Amygdaloidal  Melaphyr  in  Brookline, 
Newton,  and  Brighton,  Mass.    By  H.  T.  Burr.    (Bull.  Mus.  Comp. 
Z06I.,  vol.  xxxviii,    Geol.  Ser.,  vol.  v.,  no.  2,  pp.  53-69,  2  pis.) 
In  earlier  years,  the  melaphyrs  of  the  Boston  basin  have  been  con- 
sidered as  contemporaneous  flows  by  some  writers.    The  present  paper 
appears  to  prove  beyond  doubt  that  those  of  the  western  portion,  in- 
cluded in  the  above-mentioned   territory,    are   entirely    intrusive.    We 
have  no  fossiliferous  horizon  to  use  as  a   key   to   structure;    and   the 
presence  of  contemporaneous  flows  would  be  welcome.    Their  proved 
absence  in  the  western  areas  removes  that  aid,  as  far  as  those  areas 
are  concerned.    Readers  who  are  familiar  with  the  geological  literature 
of  the  region  know  the  general  relations  of  the  rocks  as  regards  posi- 
tion, and  it  is  not  necessary  to  state  them  here. 

A  word  may  not  be  out  of  place,  concerning  the  methods  used  in 
this  study,  which  was  an  incidental  one;  for  they  illustrate  the  careful 
approach  which  is  now  employed  in  the  problems  in  this  diflicult  field. 
A  detailed  outcrop  map  was  plotted  on  a  very  large  scale,  made  possi- 
bfe  bf  the  aid  of  city  engineers.  This  gave  the  exact  location  of  every 
exposure  of  melaphyr,  and  of  the  other  rocks  as  well.  Detailed  obser- 
vations were  recorded  for  each  outcrop,  and  specimens  collected  when 
necessary,  for  petrographic  work.  The  result  appears  in  the  character 
of  Mr.  Burr's  paper,  which  is  a  mass  of  clearly  presented  evidence, 
with  the  inevitable  conclusions  drawn  from  it.  The  former  is  so  stated 
that  the  precise  outcrops  are  indicated,  and  one  can  w^ithout  difficulty 
prove  the  worth  of  the  observations  for  himself.  This  is  as  it  should 
be. 

The  evidence  is  of  three  kinds:  lack  of  melaphyr  pebbles  in  the 
overlying  conglomerate,  negative  but  confirmatory ;  character  of  the  up- 
per contacts  of  the  melaphyr;  and  structural  relations.  The  summary 
ii  worth  giving  in  full,  "(i)  The  melaphyr,  in  the  region  discussed, 
is  intrusive  in  the  sediments.  (2)  The  melaphyr  is  not  associated  with 
any  definite  horizon,  and  is  therefore  of  no  value  as  a  guide  to  the  in- 
terpretation of  the  structure.  The  first  conclusion  depends  upon  the 
following  facts:  i.  The  conglomerate,  associated  with  the  melaphyr, 
contains  no  fragments  of  it.  2.  The  contacts,  wherever  found,  are  ig- 
neous in  character.  3.  The  melaphyr  is  seen  in  contact  with  sediments, 
varying  from  the  coarsest  of  the  conglomerates  to  the  finest  of  slate. 
4.  The  distribution  of  the  melaphyr  shows  it  to  be  discordant  with  the 
structure  of  the  sediments  under  any  interpretation  of  the  latter  that 
has  been  offered.  The  second  conclusion  follows  directly  upon  the 
first." 

While  these  problems  occupy  most  of  the  paper,  space  is  given  to  a 
new  interpretation  of  the  structure  of  the  Chestnut  Hill  slates  and  the 
northern  conglomerate,  which  harmonizes  with  the  field  evidence  better 
than  any  of  the  earlier  views.  j.  e.  w. 


320  The    American    GeologisL  Maj.  isoi. 

MONTHLY  AUTHOR'S  CATALOGUE 

OF  AMERICAN  GEOLOGICAL  UTERATURE 
ARRANGED  ALPHABETICALLY. 


Adams,  Frank  D. 

George  M.  Dawson.     (Science,  vol.  13,  pp.  561-563.     Apr.  12,  igor. 
Portrait.) 

Ami,  H.  M. 

On  a  new  or  hitherto  unrecognized  geological    formation  in  the 
Devonian  system  of  Canada.     ( Can.  Rec.  Sci..  vol.  8.  pp.  -296-:^,  1901.) 

Ami,  H.  M. 

On  the  geologv  of  the  principal  cities  in  Eastern  Canada.  (Trans. 
Roy.  Soc.  Can.,  second  series,  vol.  6.  pp.  125-164.     igcx>.} 

Ami,  H.  M. 

Synopsis  of  the  Geology  of  Canada :  being  a  sumniar>-  of  the  prin- 
cipal terms  employed  in  Canadian  geological  nomenclature.  (Trans. 
Roy.  Soc.  Can.,  second  series,  vol.  6,  pp.  187-225.  March.  1901.) 

Babcock,  E.  J. 

Report  of  the  Geological  survey  of  North  Dakota.  First  biennial 
report,  pp.  10,^.    Grand  Forks,  1901. 

Bayley,  W.  S. 

The  geological  features  of  the  Menominee  Iron  district  of  Michi- 
gan.    [Abstract.]     (Proc.  A.  A.  A.  S.,  1900,  p.  189.) 

Bell,  W.  T. 

Concretions  of  Ottawa  county.  Kansas.  (Am.  Jour.  Sci..  vol.  Ii. 
pp-  315-31^-  -^pr.   igoi.) 

Brown,  Joseph  Stanley. 

Index  to  vols,  i  to  10.  (Bull.  Geol.  Soc.  America  Inde.v  vol..  pp. 
1-209. ) 

Buchan,  J.  S. 

Was  Mount  Royal  an  active  volcano?  (Can.  Rec.  Sci..  vol  8.  pp. 
321-329,  1 501. 'J 

Clarke,  J.  M. 

Eighteenth  annual  report  of  the  Stale  Geologist  (New  York)  for 
the  year,  i8g8.     Octavo,  pp.  i(x.).     1899. 

Clarke,  J.  M. 

Lenticular  deposits  of  the  Oriskany  formation  in  New  York.  [Ab- 
stract.]    (Proc.  .\.  A.  A.  S..  if.oo.  p.  188.) 

Clarke,  J.  M. 

The  fauna  of  the  arenaceous  lower  Devonian  of  Aroostook  count>'. 
Maine.     [Al)>tract.]     fProc.  A.  A.  A.  S..  1900.  p.  188.) 

Cooper,  W.  F.  (A.  C.  Lane  and) 

Fossil  >  of  the  Marsh:. 11  and  Cold  water.  (Rep.  Geol.  Sur.  Mich.. 
v.,!.  7.  part  2.  pp.  25J-204.) 


AmOiot's  Catalogue.  321 

lushing,  H.  P. 

Prtliiiitnary  report  on  the  Geolog}'  of  Franklin  county.  Pari  3. 
(l8th  Ann,  Rep  of  ihe  State  Geologist  of  Nfw  York,  pp.  73rl28,  iSgp.  I 
Daly,  Reginald  A. 

The  Phvsiograpliy  ot  Acadia.    (Bull.  Miis.  Com.  Zo(>1ob>-,  vol.  ,18. 
PI'.  73-104.  !>'>■.  ",  igoi.J 
Dawson,  Geo.  M. 

Geological   Record  of    Ihc    Rocky    Mountain    Region    in    Cunada, 
(Bull.  Geol.  Soc.  America,  vol.  13,  pp.  57-03.; 
Dresser,  John  A. 

A  hornblende  lainproohyre  dike  at  RichmonJ,  P    Q.     1  Can.  Rec, 
Sd.,  vol.  8.  pp.  3i.i-32i.  1901.) 
Dryer,  Chas.  R. 

Certain  peculiar  eskers  and  E*kiT  lakes  of  Northca-Iern   Indiana 
(Jour.  Geol..  Feb.-Mar,  1501,  pp.  IJ3-130,) 
£llis,  R.W. 

Ancient  channels  of  the  Ottawn  river.    (Ottawa  Nat.,  vol,   15.  pp, 
17-30.  .\pr..  igoi.) 
Fairbanks,  H.  W. 

Pyramid  Lake,  Nevada.     (Pop.  Sci.  Month.,  vol.  58.  p.  505,  March, 
1901.) 
Parrington,  O.  C. 

Observaliont  on  Indiana  .raves,     .Field  Col,   Mns..  Geol.  Ser..  vc. 
I.  pp.  247-26fi,    Feb.,  1901.1 
Farrington,  O.  C. 

Thf   ■-irticmrc   ..f   McU-orites.      (Jour.   Geol..    Feb -Mar..    lOOi,   pp. 

Fuller.  Myron  L. 

Notes  on  an  unusual  i.frienlatioi 
nolo-^-  Quprterlv  vol.  12,  no.  2,  Jul 
CIdley,  J.  W. 

.■\  new  species  of  Pleistocene  horse  from  the  staked  plains  of  Texas. 
(Bull.  Am.  Mus.  Nat.  Hist.,  vol.  13.  p,  iti,  Dec,.  1900,) 
Gould,  C.  N. 

Tertiary  springs  of  western  Kansas  and   Oklahoma,      (.^ni.  Jour. 
Sci.,  vol.  n,  Apr.  1901,  pp.  253-262.) 
Hall,  C.  W. 

The  Chengwalona  series  of  the  Keweenawan,     lAbstract,]      (Proc, 
.\,  A,  A,  S.,  igoo,  p.  101.) 
Hallock,  Chas. 

One  of  Canada's  Explorers  (Robt.  BelH,  pp,  io,  Washington,  D, 
C,     Extracted  from  Forest  and  Stream, 
Hatcher,  J.  B. 

Some  new  and  little  known  fossil  vertebrates,     (Annals  of  the  Car- 
negie Museum.  Pittsburg,  vol,  i.  pp.  128-144,  pis.  1-3.  igoi.) 
Hershey,  Oscar  H. 

Metamorphic  Formations  of  Xorihwesiern  California,  (.■\m.  Geol.. 
vol.  27,  pp.  225-^45.  April.  1901.) 


^2  The  American  Geologist,  ***^  "-*^- 

Hilsard,  E.  W. 

A  !—.st-r:ca!  c-rt::r.<?  of  the  ^eoi'i-^cal  and  agricsltzs^  sir?^  '::2 
■•it«  *^A  M:'ji='ippi.      M:?5.  Hist  Soc.  voL  j.  pp_  J07-234.  :^>K 

Hill,  B.  F.  rj.  F.  Kemp  and  D.  H.  Newland) 

Prciiir.ir^rr  Report  oa  the    Geotogj   of    Hazmlroc!,    Warrs  ai 

WaThir-jftor.  ^.ocr.tie-.     ■  :8ch  Ann.  Rep.  State  Geolo^is:  01  Xew  T:ti 

pp     14: -1^,2.    I'^.  ; 

Hobbs,  W.  H. 

The  -t:'!  ri-.^rr  «o:  \S>=tern  Cocnecticnt  [Abstract].    «  Pp:<.  A  A 
A   S..  lyxj,  p.  ly-j ! 

Hobbs,  W.  H. 

Th't  G*ro!oj?:Ti  a-Ahee'..     (  Pop.  5<H.  Month.,  vcT.  58.  p.  515.  iIa-± 

Julien,  A.  A. 

Thi:  ^^er.^^iT  of  the  pegmatite  io  North  Caniaam,  lahsfendll.    i.Pioc 
\   A.  A.  -S  .  loco.  p.  189.) 

Kemp,  J.  F.  (and  D.  H.  Newland  and  B.  F.  Hill) 

Prcliminar:/  Report  on    the    Geology   of    Hamilton.    Warrtti  aad 
Wa-hington  co-intie-.     *  i8th  Ann.  Rep.  State  Geologist  of  Kew  \rriL 

pp.    \^\-l*i2,   l^/j.: 

Kummel,  H.  B. 

The  Nr^wark.  or  Xew  Red  sandstone  rocks  of  Rockland  counr*.  X 
V     (  i8th  -\nn.  Rep.  Stale  Geologist,  pp.  11-50,  1899.) 

Lane,  A.  C.  (and  W.  F.  Cooper) 

Fossils  of  the  Marshall  and  Coldwater.     (Rep.  Gcol.  Sur.  Mich. 
vol.  7.  part  2.  pp.  252-294.,* 

Leverett,  Frank 

Olrl  channel'i  of  the  Mississippi   in  Somheastem    Iowa.     vAnnil? 
of  Iowa,  .\pril,  1901.,) 

McGee,  W.  J. 

^>ccurrcnce  of  the   Pcnsaiikcn   formation  within  the  limits  of  the 
r;Ty  of  Washington.  | abstract].     (Proc.  A.  A.  A.  S.,  IQOO,  p.  187.) 

Merrill,  George  P. 

^iui<le  to  the  study  of  the  collections  in  the  section  of  applied  gc- 
ol^.'^y      ']  he  nnn-inetailic  minerals.     (Rep.  of  the  U.  S.  Nat.  Mus.  for 

^^/^.  I'P-  ^S.--4^.^-  .^o  plates.  1901.) 

Newland,  D.  H.  (C.  H.  Smith  and) 

Report  '-11  progress  made  during  1898  in  mapping  the  crystalline 
r(>(k'  of  the  wc-tt-rn  Adirondack's.     (iSth  Ann.  Rep.  State  Geologist. 

Newland,  D.  H.  (J.  F.  Kemp  and  B.  F.  Hill) 

}  K  !i!Ti;nary   report   on   the   Geology    of    Hamilton,     Warren    and 
\\';i-!i:ii^'!oi;  (.ountie-.     (  iHth  Ann.  Rep.  State  Geologist  of  New  York. 

Pearson,  H.  W. 

0-Mil..ii'^i.~  Mt  thf  -r;i-levcl   (T).     rGeol.  Mag.,  vol.  8,  pp.  167-174. 


Prosser,  C.  S. 

berg  plai 

Salisbury,  R.  D. 

Inh^tractl     (  Proc-  A,  A.  A-  S., 
Sardeeon,  F.  W. 

Problem  of  [he  Monticuliiwroitlea.  fll*.  (Jwir.  Geology,  Fob-Mar.. 
igoi.  pp.  149-179) 
Schucherti  Charles 

On   the   Helderbcrgian    fossils   near   Monircal.   Can.      (Am,   Geo!,, 
col.  a?,  pp,  245-2S3,  April.  150!.) 

Smith,  James  Perrin 

The  principles  of  Palcontologic  corrdallon   [absiracl].     {Proc.  A. 
A.  A.  S.,  IQOO,  p.  193.) 

Smyth,  C.  H.  Jr.  (and  D.  H.  Newland) 

Report  of  Progress  made  during  189* 
rocks  of  the  western  Adirondact  region, 
pp.   129-135.  iSQg) 
Upham,  Warren 

Drift  erosion,  transportation  and  deposition   [abstract],     (Proc,  A, 
A.  A,  S„  1900,  p.  19a) 

'Watson,  Thomas  L. 

Weathering  of  granitic  rocks  of  Georgia.      (Bull.    Geol,    Soc.    ot" 
America,  vol.  12.  pp,  9.1-108,  p!s.  &-ll,> 

Watson.  Thomas  L. 


Watson,  Thomas  L. 

The  granitic  rocks  of  Georgia  and  their  relationships, 
vol.  27.  pp.  199-225,  pis.  17-24.    April,  1901.) 

Weller,  Stewart 


White,  David 


Whitfield,  R.  P. 

Note  on  the  principal  type  specimen  of  Mosasaurus  maximus.  Cope, 
with  illustrations.  (Bull.  Am.  Mvs.  Nat,  Hist.,  vol.  1,1.  pp.  19-23,  pis, 
I  and  2,  Dec,  igoQ.^ 

Willis,  Bailey 

Thomas  Benton- Brooks.     (Science,  Mar,  22,  igoi.) 


*    1    • 


The    American    Geologist.  May.  i.. 

CORRESPONDENCE. 


.v.^z   ::-.:-.   A vv«:I'.\li'::'al    McLLaphvrs    of    the    Bcksti'N 

- : N    '  \ : K    - : *. K   ••«   C-  n  : f. n[ :-■' 'S a n d.»« " s / — T lie    recent   pa- 

■-.r  "■  :..   :r:v:>:.  Henry    T.    r'.urr  .:*:   ihc   "Structural   Rela- 

: . . ::  >      :  :  ;■. v    .  \ n: vjj.ia !■  ■:•  :al     ^  I clar-ri v r>   in    H rookli ne .    X e\\  - 

'  :;  .i:.  ■   :  r:j:-.:- >::.  Ma-s.."     :>.  :r.  the  "lain,  a  criticism  of  my 

..c  .  :.-.i:  :':;c  ir.elaph. r>  ::  :!::>  area.  a>  of  the  other  pans  '^i 

:  ■•.   :.  >:  :-.  :'.a?:::.  arc  c/.ivrr;.   j:':::cn:rv:»rancou?.  and  of  an  un- 

■  .:'  '.:<'.'.:  1  :r.:-.'.   by  W  -   '.-.var  ■  :::  '.v'-.-vrh  :!iat  view  is  embotlici. 

..--.v  ::  •:  :'ai:::e  I  './.a:  :!:-.-  :r.v'.ai'h;. rs  arc  wholly  contemp.*- 

-.-■  ;   -.:-.    •ri-:\r-'-^'''^    *.'-^"    *---^y    :nv.:>:    hr   intrusive    at    >omr 

■•.::.>.  -::/^-  '.'r.v  :::a*rv.a  v.rvessartly  reaciied  the  earth's  >ir- 

-.1.;.    "-rf.-rv   ::  j  u.  1  : '.a;    "."r.r  r  '.e    'f  an  enusive :  but  in  ilic 

..--J.1      ".::!     -.:-  !-.a>  s:::  ::-.-  '.  ?■[-    :>.:rr  dnds  all  the  melaphyi* 

'      '-    ■-'.:r.>/. ;:       r::<  arc'-:"'.vr.:  re?:s  '.ari:ely    upon    the    evi- 

ir-.:-.     :  :.  :-  :.:'.:a::>.  v.  :::h  arr  :  ur.  1  :•:■  be.  without  excc^- 

•    ::      .  -vr^    :.Lar".;    -jv-i  >- '..  :^-.t-  ::>.     LViails   which  appear 

".     -.:'.;•  n  :.  :>  ::■.•.>:>  arv  :v.i  ir  :he  r:>:»s:  of:  hut  broad,  funda- 

■.::i.'.  :i:>  ■..■■.:;-  :•/.;  <:-  vr'-.  a^:::>:  ::  have  not  ]>een  rlnly 

:■•'•.:-:         !'"     a:::".v:   >  -:a 't  :  :•  ?::>w  :hat  none  of  the 

'--^v  1'   :  ■■.:;.:>   -.■•.'  >•.■     :     *'t  :c^:e'::>  c-rnKl   be  as   well 

.\'  "av:  '  .^-     vi-  :     :*':   ;•.:*-.:-*:  ry  sv  ::r.:ent>  of  the  crackcl 

..-   ■  -:  -.•.:•:■  •.:-  s.-.r:;.:-.     :  ;.  <-.:': r.'.2^.r.t  r.ow :  t.r  that  the  suj>- 

:  :'  i>-.     •  :-■    -\:  >r":r"r".:>  :>  rever  siliciticatioii 

:":-:    ;-.  -.v.-.i:  . ".      :   ::c  :::elaphyr.     The  ori- 

-v.^--    ■'    :    •:   -:  ■:;     w.i':.  the  contact   is  e:r- 

...:      :     s   : :::.::';   '-^'.-rx^  alf.-  :■  •  the  free  >iir- 

-  ■:  .■     ■:  :      •;?  :c;-.-.   ::>  c-'inact  with  an- 

•     .         .-  '-       ^-  --.J  :-.';     ■:  >.:>  ;^per.  as  qu'.'!- 

...■:     '  :.  ».-  ..   >    ."::'     -•  a.v:::ni  '.»i  the  vc:» 

^   :.        ;.  <;   -:.::•■.•>     :ex:iires     of    thr 

>      -■.::       -     s  "ykes      :»i      melaph^r 

'    •-     :    . .  •      :    »  ».      :;i:     .::     a:'.::;.     He     siar^ 

.  :  :    .    -:.-..      -  ;.  •     :   i  '.-ar   iikes  oi  the  i!i>- 

^-v  ;.-  ->v"c^::fhaMe:   but    «!'»e> 

:    :~..    :.■-•.  :he  rvA-laphyr  are 

n;      -:"  •  :      :'se      :    :::e   melaph^  r 

^        :  ^    ;         :.     <:  -a^r-s  or  aphar.it i\ 

*  c^  >"a  .*.:".e  and  homog^o- 

--.-  :.i";     arc    'i:ke>    irt"'! 

1.    ■ .  *■     -:7'r-::n4r  i.-k  kn»  w 

.    .  :.'".."..■*."    a  ti s si; re  3 .*>.o 

.  -  .         ^-    -■      '  .■-  ■;■.:'  :"  :::v  crust  iier- 

'. -:f::::'.ar    lexturef 
^    ^  -     .        .■-:    :rr    surface:    b-t 


•••- ' 


«.  • 


I  I 


Corrtspondr.:,  .  .  3*5 


material.  These  supposed  dikes  are  represented  as 
3verse  to  the  dip  of  tlie  enclostnff  Strata;  tnit  their  close 
<nfonnity  with  tiie  strike  of  the  sediments  ts  not  eqilained. 
Another  fundamental  fa.ct  wbicfa  is  overkxdced  is  die  00 
ciirrence  in  this  area,  and  in  intimate  assodatten  with  the 
melaphvT,  of  important  beds  of  inelaph)rr  tuff.  The  genetic 
relations  of  the  tiiff  to  llie  itielaphyr  cannot  be  questioned; 
and  the  existence  of  the  fonncr  should  be  regarded  as  conclu- 
sive as  to  the  contemporaneous  origin  of  a  part  at  kast  of 
tlie  latter.  Much  is  made  of  the  supposed  absence  of  mela- 
phyr  pebbles  in  the  overlying  congloma^tes.  These  are  nt*. 
however,  wholly  wanting ;  and  at  scane  points  they  are  a  very 
striking  and  significant  feature  of  the  contact.  For  instance, 
between  N'ewton  Upper  Falls  and  Newton  Highlands,  in  the  ' 
western  part  of  Mr.  Bvirr's  IilM,  a  north-south  secti(Hl  shows, 
if  there  he  no  repetition  ot  liic  strata  by  Strike  faulting,  four 
heavy  beds  of  conglomerate  and  sandstone,  all  dipping  in  a 
.general  northerly  direction  at  angles  of  twen^  to  forty  de- 
^^es,  separated  hy  three  broad  bands  of  melai^yr.  The  most 
Clearly  exposed  contact  in  this  series  is  the  uppermost,  (h-  that 
oel\veeii  the  northern  band  of  melapbyr  and  uie  overlying  coo- 
glomerate.  This  meiaphyr  is,  in  the  southern  (lower)  part  of 
'  the  band,  a  solid  and  honiogeneous  rock  of  aj^roxinutely  holo- 
crystalline  aspect ;  but  northward  it  becomes  more  slaty,  in  part 
amygdaloidal.  breceiated  and  scoriaceous ;  and  at  last  is  decid- 
edly shaly  in  structure,  looking  more  like  a  tuff  than  a  flow. 
It  is  covered  hy  tile  conglomerate  with  apparent  conformity; 
and  the  conglomerate  is,  on  and  near  the  contact,  not  injected 
by  the  meiaphyr.  but  crowded  with  angular  fragments  of  pre- 
cisely similar  meiaphyr.  Within  a  yard  above  the  contact  the 
meiaphyr  detritus  begins  to  die  out ;  and  at  a  distance  of  two 
jards  an  occasional  fragment  only  is  to  be  found.  The  meia- 
phyr in  the  conglomerate  is  clearly  a  contact  feature;  and  it 
can  not  be  doubted  that  this  body  of  meiaphyr  was  in  existence 
as  a  surface  formation  when  the  deposition  of  the  conglomer- 
ate began.  Everything  goes  to  indicate  that  these  effusive 
eruptions  were  submarine ;  and  at  Nantasket,  as  also  in  Brigh- 
ton, we  have  conclusive  proof,  in  the  well  preserved  wavy  and 
ropy  surfaces  of  the  flows,  that  in  some  instances  they  were 
covered  without  suffering  erosion. 

The  main  bodies  of  meiaphyr,  throughout  the  Boston  basin, 
have  all  the  characters  of  lava  flows  and  are  essentially  unlike 
any  known  dikes  or  sills.  In  other  words  they  are  masses 
which  fundamental  and  indisputable  facts  indicate  to  be  con- 
temporaneous. And  yet,  because  of  certain  minor  irregular- 
ities of  contact  and  appearance  of  baking,  etc.,  they  are  de- 
scribed as  intrusive :  and  highly  improbable  sections,  with  trans- 
verse dikes  thousands  of  feet  wide,  are  constructed  to  explain 
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^o  on  a  new  Lower  Cambrian  fauna  from  Eastern  Massacliu- 
etts,  whidi  I  have  elsewhere  described  as  unquestionably  the 
Host  important  contribution  to  the  paleontology  of  the  Boston. 
Sasin  since  the  discovery  of  Paradoxides  by  professor  W.  B 
it^ers,  nearly  fifty  years  ago.  W.  O.  Crosby. 

Institute  of  Tedinohgy.  Boston,  April,  ipoi. 


PERSONAL  AND  SCIENTIFIC  NEWS 


Dr.  H.  E.  Gregory  has  been  promoted  professor  of  physi- 
cal geography  at  Yale  University. 

Prof.  G.  H.  Bakton,  of  the  Massachusetts  Institute  of 
Technology,  plans  lo  spend  the  summer  in  Europe. 

Prof.  S.  Calvin,  of  Iowa  City,  recently  visited  Montana. 
for  the  purpose  of  making  a  special  examination  of  the  Great 
Falls  coal  basin. 

Dr.  T.  Nelson  Dale  has  resigned  as  instructor  in  geol- 
ogy and  botany  at  Williams  College,  and  will  leave  Williams- 
town  during  the  s 

Mr.  W.  S,  Ghesley,  of  Eria,  Pa.,  sailed  fon  England  on 
April  i7tli,  where  he  is  to  take  up  professional  work  in  con- 
nection with  mining  and  geology. 

The  Office  of  thk  State  Geological  Sijrvey  of  Mis- 
souri has  been  moved  from  Jetferson  City,  the  capital,  to 
Rolla.  where  the  State  Mining  School  is  situated. 

RicnAHD  p.  RnTHWFXL,  founder  and  editor  of  the  En- 
gineering and  Mining  Journal,  and  editor  of  the  yearly  volumes 
of  The  Mineral  Industry,  died  at  his  home  in  New  York  City 
on  April  1 8th. 

At  a  Recent  Meeting  of  the  Board  of  Trustees  of  the 
Ohio  State  University  John  A.  Bownocker  was  promoted  to  be 
professor  of  inorganic  geology  and  Charles  S.  Prosser  to  be 
professor  of  geology  and  head  of  the  department. 

It  is  Said  that  for  the  Few  Open  Positions  on  the  Ge- 
ological Survev  of  Canada,  a  hundred  applications  have  been 
received.  .This  competition  is  due  in  part  to  the  interest  in  ge- 
olc^y  awakened  by  recent  developments  of  an  economic  nature 
in  the  Dominion. 

Mr.  Thomas  W.  Allen,  St.  Joseph,  Mo.,  reports  the  dis- 
covery of  a  very  fossiliferous  stratum  of  gray  sandstone  about 
60  feet  above  the  bed  of  the  Missouri  river  at  that  place, 
iz  to  14  inches  thick.  The  rock  is  a  mass  of  fossil  plants  con- 
sisting of  ferns,  catamites,  Lepidodendrons,  Sigillaria,  broad- 
leaved  plants,  nuts,  fruits,  seeds  etc.  many  varieties. 

Geological  Society  of  Wa,shington. — The  program  for 
the  meeting  of  April  3d,  was  as  follows :  "The  priceite  of  Lone 
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ranch,  Curry  Co..  Oregon,"  J.  S.  Diller;  '*The  problem  oi 
Archcan,''  C.  R.  \'an  Hise.  At  the  meeting  of  April  loth  the 
following  was  the  program :  "The  Philadelphia  gneisses,"  Mis* 
J-'.  Hascom :  "Possible  Pre-Wisconsin  tills  of  Massachusetts,** 
M.  L.  Fuller;  "The  Waverly  group  of  Ohio/'  G.  H.  Girt>-. 

Xationai.  Mi-.selm  for  Canada. — In  the  supplementan* 
estimates  to  be  laid  before  parliament  in  the  course  of  a  lew 
davs  there  will  be  included  a  substantial  sum  of  monev  to  be 
devoted  toward  the  erection  of  a  national  museum  of  geolog} 
and  natural  history  for  the  magnificent  collection  now  accom- 
mf^lated  in  the  Geological  Survey  building,  Sussex  street. 
The  edifice  will  be  of  sufficient  size  and  in  design  worthy  of  the 
purpose  to  which  it  is  to  be  put. 

Dr.  R.  a.  V.  PiiXROSK  f)f  the  Journal  of  Geology  editorial 
staff,  is  about  to  undertake  a  journey  around  the  world  for 
the  puriK)se  of  visiting  the   mines  and  mineral    deposits  of 
j^rcatest  interest.     It  is  his  intention  to  begin  with  the  older 
(.Ornish  tin  mines  and  the  chief  mineral  localities  of  England. 
Thence  he  intends  to  pass  to  Sweden  and  after  visiting  her 
1)rincii)al  objects  of  interest,  to  pnxeed  by  steamer  from  Stock- 
holm to  St.  Petersburg.     When  he  has  completed  his  tour  of 
observation  of  the  mines  and  minerals  of  Russia  he  will  go  via 
the  trans- Siberian  railway  to  the  Pacific  and  hack  to  the  dia- 
mond anrl  gold  fields  of  South  Africa.     Ceylon  and  Burmah 
will  Ik.*  visited,  if  ]x>ssible.  and  he  will  return  to  California  in  a 
year  or  more. 

J.  PiKRi'ONT  MoKCAX,  tlic  financier  of  Xew  York  City,  one 
of  the  trustees  of  the  American  Museum  of  Natural  Histon", 
was  ilie  donor  of  the  Bement  collection  to  that  institution. 
This  is  prolialjly  the  finest  donation  of  minerals  ever  made  to 
any  institution.  It  is  valued  at  from  8150,000  to  $200,000.  and 
was  called  after  Clarence  S.  Bement,  of  Philadelphia,  who  be- 
j^^'in  the  collection  ,^5  years  ago,  and  kept  adding  to  it  until  it 
])a^si'd  from  his  ]x>ssession.  Xeither  time  nor  money  was 
.spared  in  gathering  desirable  specimens,  and  in  1884  the  Be- 
nu-nt  colUrtion  was  looked  upon  as  so  important  as  to  call  for  a 
spirial  re])ort  in  the  interest  of  the  National  Museum,  Wash- 
ington. It  was  exjxTted  at  one  time  that  this  collection  would 
hev'onie  the  ])rojKTty  of  the  government.  A  curator  of  a  for- 
cij^ii  nuiseuni.  after  seeing  the  Bement  collection  went  to  Eu- 
p»pr.  He  cabled  that  he  would  purchase  the  specimens,  but 
<iid  iir>t  succeed  in  raisin.cr  the  necessary  money.  Since  l8&^ 
tlu:  Renicnt  collection  has  increased  over  50  per  cent. 

These  accessions  to  the  collection  raise  the  American  Mus- 
eum (»f  .\atural  History  to  rank  among-  the  musetims  of  the 
world  like  that  of  the  British  Museum,  heretofore,  by  common 
roiisent,  crnisidcrcd  as  rich  hcyotid  comparison  in  rare  speci- 
"lens. 
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Neitaconkanl-t's  Great  Bouldeh, — ^This  was  described 
IV  Dr.  C.  T.  Jackson  in  liis  report  rai  the  Geological  and  Agri- 
Icultural  survey  of  Rhode  Island  in  1840.  It  is  in  Johnswi,  near 
Providence.  It  is  shown  in  a  halfttmc'ciit  in  the  Providenct 
Journal  of  March  24.  The  boulder  still  rests  where  it  did  in 
1840  and  for  centuries  previous.  The  traveler  in  passing 
still  takes  a  second  look  to  see  if  it  is  really  about  to  topple  over 
and  roll  down  the  hill  into  the  highway.  It  is  a  strilang  fea- 
ture of  the  landscape,  and  will  ever  remun  as  an  object  lesstMi 
to  tlie  gcolf^si,  and  a  topic  of  interest  to  the  Casual  observer. 
Following  is  Dr.  Jackson's  description:  "The  rocks  on 
Xeuiaconk-anut  Hilt  are  alternate  strata  of  micaceous  and 
hornblende  slate,  the  former  l>eing  very  nrach  contorted.  On 
the  south  side  of  the  hill  there  may  be  seen  a  huge  boulder  of 
hornblende  rock  poised  upon  the  mica  sitfe.  This  rock  must 
have  originated  elsewhere,  and  it  now  rests  in  an  accidental  po- 
sition, as  will  be  evident  to  anyone  who  examines  the  situation 
in  which  it  is  placed.  Since  hornblende  rocks  do  occur  at  the 
northwanl.  and  not  to  the  southward  of  the  [riace  where  this 
block  is  now  found,  we  feel  confident  that  this  immense  rock  has 
been  removed  southwanlfy  from  its  parent  ledge  and  deposited 
on  the  rockv  strata  where  we  now  find  it," 

FiEi,n  Work  Methods  in  Geoloiiy  at  Habvasd. — The  d- 
emcntary  laboratory  and  field  course  at  Harvard  this  year  has 
enrolled  about  u;o  men.  The  cla,ss  is  divided  Into  three  sec- 
tions an<l  each  sctli<«i  into  threi-  tonijianits  for  field  work. 
The  fotlowinfT  memorandum  has  been  issued  to  each  student 
as  a  reminder  of  what  he  may  expect  to  find  in  the  field  ex- 
cursions. The  assistants  in  charge  of  each  company  follow  up 
this  oudine  with  questions  and  remarks  called  out  by  the  par- 
ticular localitv.  The  students'  results  are  handed  in  at  the  close 
in  the  form  of  a  brief  report  with  maps  and  sections. 

Geology  5.  Field  Scaton  of  1901.  Brief  Synopsis  of  Queries  An- 
ncerablc  by  Personal  Observation. — Ask  yourself  on  arriving  at  a 
locality  selected  for  study  whether  it  is  an  area  of  erosion  or  deposi- 
tion. If  an  area  of  erosion. — what  ageni  or  agents  are  now  at  work 
or  have  been  at  work  in  the  immediate  past  ?  Waves,  currents,  rivers : 
winds:  ice  or  giacien:  !ife:  weathering,  disintegration,  decomposition? 
What  land  forms  have  resulted  from  erosion?  What  new  deposits 
have  been  made? 

If  an  area  of  decomposilion. — what  materials  are  accumvilating' 
What  is  their  form?    What  is  iheir  structure? 

In  the  case  of  a  rock  in  situ, — what  kind  of  rock  is  it?  If — (a)  an 
igneous  rock. — What  is  its  form?  Bathoiith.  laccolith,  dike,  sill,  lav-i- 
flow,  volcanic  neck?  What  is  the  country  rock?  Where  arc  the  con- 
tacts? Is  it  intrusive?  What  is  the  mineralogical  composition  of  tlie 
reck?     What   is  the  stntcture  of  the  rock?     Crystalline,    pori'hyritic. 
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gla>>y  or  deviiritied?     Has  it  flow  stnicturc?   Is  it  vesicular.  amy^«ii- 
loidal.  spherulitic? 

J  b  I  A  I'einstonc. — What  mineral  or  minerals  compose  it?  Wliai  ha* 
l)een  the  order  of  their  growth  or  genesis?  WTiat  is  the  country  rode'' 
Did  it  furnish  the  >ubstance>  in  the  vein?  What  is  the  nature  of  the 
cavity  in  which  the  vein  is  deposited?  What  rock  movements  af 
shown?  Is  there  any  volcanic  breccia?  When  did  the  vein  form  in^ 
rclaticjn  to  other  structures  or  rocks? 

(c;  A  clastic  rock. — What  is  it?  A  conglomerate?  If  so.  whkt 
rocks  form  the  pebbles?  What  is  the  cement?  How  was  the  conglom- 
erate formed?  If  a  sandstone,  what  is  it  composed  of?  What  is  the 
cement?  If  a  pelite.  what  is  its  structure,  lamination,  banding,  or  strat- 
ification?   Are  there  fossils? 

(d)  A  mctamorphic  rock. — What  is  its  structure,  composition' 
What  was  it  originally?    What  has  produced  the  mctamorphism ? 

In  any  case,  what  is  the  attitude  of  the  rock?  strike,  dip?  Has-  it 
l)een  jointed,  folded,  faulted,  tilted,  metamorphosed?  Has  it  slaty 
cleavage?  dip  and  strike  of  same?  What  is  the  age  of  the  rock  relati\e 
to  others  of  different  kind?  In  what  order  do  the  secondarj-  structures 
intersect  ? 

ll'hat  has  hern  the  succession  of  rzrnts  in  the  area  studied? 

The  Si'ENDiAKr)FF  F*rize. — The  following  letter  may  per- 
haps explain  itself:  Le  Congres  geologique  international,  dans 
sa  seance  generale  dii  25  Aout  1900.  a  nomme  membres  de  la 
Commission  dii  prix  international  Spendiaroff:  MM.  Albert 
Gaudry.  president:  Marcel  Bertrand,  Sir  Archih»ald  Geikie, 
Karpinsky,  Tschemeyschew,  Zirkel  et  \'on  Zittel.  Cette  Com- 
mission propose  comme  siijet  de  prix  pour  1903 : 

Rci'uc  critique  cs  mcthodcs  de  classification  dcs  roches. 

Dans  la  seance  dii  20  Aoi'it  1900.  le  Conseil  du  Congres 
avait  decide  que  les  oiivrages  presentes  pour  le  concours  seront 
eiivoyes  au  Secretaire  general  du  dernier  Congres  au  nomhre 
deux  exemplaires  au  nv^ins,  et  que  Tenvoi  sera  fait  an  plus  tard 
uiie  annee  avant  la  session  suivante.  Le  Conseil  a  decide  aussi 
r|ue  le  droit  de  priorite  ix)ur  obtenir  le  prix  appartiendra  aux 
<L'Uvres  traitant  les  sujets  prof)oses  par  le  Congres. 

Les  envois  doivcnt  etre  addresses  a  M.  Charles  Rarrois. 
Secretaire  General  du  Congres  geologique  international.  62 
hnulevard  Saint-Michel.  Paris. 

La  vaUur  du  prix  est  de  456  roubles,  c'est-a-dire  environ 
\.2(^)  francs,  d'aprcs  I'indication  de  M.  Karpinskv. 

[ji  vons  c(Miinuuii(|uant  ces  renseignements,  nous  avons 
r'-inin/nr  <le  vous  ])ricr  d'en  faire  part  aux  savants  qu'ils  pour- 
r.':i'  ]!!  inu'-re^sc-r. 

\  (iiilltz.  Monsieur.  a<:T^rt'er  IVxpression  de  nos  sentiments 
It  -  t''-'-^  'li^tiiii^ues. 

Xli'.i  RT  (iMDRv.  Lc  President  du  Congres. 

'  n  \K'[.r-  r.  xKuois.  Le  Secretaire  general. 
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THE    ONTARIO   COAST    BETWEEN    FAIRHAVEN 
AND  SODUS    BAYS.  NEW  YORK, 

Bj  J.  O.  MiaTix.  Cororii  tlntTtnitj.  Iihata.  N.  V. 
PI.ATKS  XXVI  and  XXVII. 

During-  llic  summer  of  lyog,  while  engaged  in  a  study  of  ihr 
Kcw  York  state  dnimlin  area,  I  liecaiiie  interested  iii  the  iiccii- 
liar  shore  phenomena  of  that  part  of  the  Ontario  coast  lying 
ifcctwccn  Fairhavcii  and  Sixlns  lays.  Tlie  drunilins  which  so 
thickly  ticscl  the  south-lying  plain  arc  here  brought  to  an  ab- 
rupt termination  by  the  erosive  action  of  the  lake.  The  re- 
sulting coast  line,  being  of  an  unusual  type,  has  seemed  to  mv 
worthy  of  a  brief  description, 

V'iev^ed  froui  a  l)oai  passing  along  shore,  this  coast  present'. 
'■■&  series  of  semi-elliptical  bluffs  which  arc  wave-cut  drumlin  sec- 
tions and  these  bluffs  are  connected,  one  to  another,  by  low-ly- 
ing Ijeaches,  A  closer  inspection  of  these  drtuitlin  cuts  shows 
thetn  to  hf  composed  of  the  usual  stiff  lioulder  clay,  which,  iii 
this  case,  contains  a  very  lai^  percentage  of  Medma  sand- 
stone. The  intervening  beaches  are  composed  of  the  coarser 
gravel  and  boulders  of  this  drumlin  till  with  little  or  no  sand. 
Between  the  drumlins  and  behind  their  connecting  beaches, 
lies  a  series  of  more  or  less  extensive  ponds  and  swamps.  The 
above  features  are  well  shown  on  the  accompanying  map, 
(pi.  XXVI),  which  is  a  part  of  the  "Oswego  Sheet"  of  the 
United  States  Geological  Survey  map  and  may  be  taken  as  typ- 
ical of  the  whole  stretch  of  coast  under  consideration. 

At  the  close  of  the  Glacial  period  when  lake  Ontario  had 
assmned  its  present  level,  the  drumlins  extended  out  into  the 
lake,  forming  a  quite  continuous  scries  of  islands.  The  gener- 
al northeast  and  southwest  trend  of  this  coast  exposed  it  to  the 
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u\*}^x  vi<»knt  an'l  fR«iiK-in  winrls  r»f  ruir  iiMrtheni  climate:  c:fr 
•»e<jiitiitly  ami  ]M.'cau<t"  «»f  the  absence  of  bcfl-rock  its  deveio^>- 
iiR-iu  has  liu'ii  r|nitc"  rapid.  When  wave  erosion  first  began  o 
t:ut  into  thr  •Ininilins,  »iea  cliffs  were  fonned  on  all  side?  oi 
the  drnnilin  islan«l>  anrl  traces  of  these  cliffs  still  exist,  in  soom 
ca>es  witli  lar^^e  tree>  j^r«">winj;f  there*^»n. 

As  a  result  '»f  their  more  exposed  position,  however,  die 
nortliern  ends  were  cut  hack  most  rapidly  and  then  hcgfi 
;^^n»wth  of  the  connectinj^"  beaches.  The  waves  loosened 
tile  drumlins  ninre  material  than  they  could  grind  up  aifd' 
material  l>ej;]^an  to  travel  alon<::  sh«»re,  moved  by  the  diagonaflf 
apprnachinj^  waves,  now  in  one  directit^n.  now  in  the  other,  bui 
always  t^aininf^  in  the  direction  away  from  the  most  frequent 
wind>.  Slowly  beach-bar*;  j^rew  out  from  each  end  of  the  sea- 
cliffs  iin  the  northern  end  i>f  the  drumlins,  and  these  joined 
with  thitse  of  the  neij^hborini^  dnunlins.  tying  them  Xi 
and  producinj^  a  continuous  coast  line. 

<  )n  the  dnunlins  where  wave  erosion  is  most  rapid, 
vertical  cliffs  are  formed  and  tlie  stiff  drum  Iin  till  exj 
the  combinerl  action  of  weatherinj^  and  erosion  assumei^:!^ 
most  fanta>tic  fonns.  liuttress-like  projections  stand  outi 
the  cliff  face,  their  up]>er  ed^es  reduced  by  rain  erosion 
sliarj),  thin.  knir\r-like  edi^es.  Uetween  these  buttresses  arc 
ditch- like  dej»res<ion>  down  which  streams  of  mud  ffow  diirirg 
wet  weather.  <  )n  such  of  the  drumlins  as  are  tree-covered 
there  i>  a  continual  «lown->lidinj:^  of  undermined  trees  and  the 
fann<'rs  of  thi.s  re.ii^itMi.  well  kn<>winj^  Ikhv  rapidly  their  land 
is  disappearing.::-,  place  only  tem])orary  fences  along"  the 
ttl.LC<s.  The  very  steepne>s  <»f  the  cliffs  of  boulder  clay  shoi 
liow  rapid  thi^  wearini^  back  must  ]>e. 

A^  the  drumlin  cliffs  are  cut  back  by  wave  erosion, 
Im  achi^  an- ronstantly  chanj.j:inj:jf  their  ft)rm  and  moving  si 
ward.  I'r'ini  the  data  obtained  from  the  fanners  who  note 
ncri-^sary  nio\in<;  nf  icmceN  an<l  the  shrinking  of  their  fields,  I 
liavr  «■  liniatrd  that  the  ruts  are  moving  backward  from  a  few 
inrlir-  |.>  I  en  fret  a  year  wlu-re  cutting  is  most  rapid.  Since 
till'  rrin.'M  of  bdih  tlu;  ^ea  chlTs  and  ])eaches  depends  upon  the 
ia])idiiy  \\\\\\  wliich  tlie  wave>  grind  up  and  carry  awav  the 
niatiri.'il  1< -n-rnrd  froni  the  drumlins  it  is  interesting  to  note 
the   f'-llowini^-  i':k-!    wliicli  indicaies,  in  a  way,  how  rapid  this 
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y  first  visit  to  this  coast  was  in  the  spring.  At  this  time, 
v£x:E^g^  to  thawing  and  to  the  great  quantities  of  water  in  the 
Xin  till  large  masses  of  clay  were  constantly  sliding  down 
^  waves.  As  a  consequence  of  this  rapid  supply  the 
^s  in  front  of  the  cuts  had  large  numbers  of  the  charac- 
Lc  angular  and  striated  pebbles  so  abundant  in  drumlin 
A  visit  three  weeks  later  to  the  same  point  showed  very 
.ngular  pebbles  and  these  few  had  evidently  just  fallen 
In  the  short  period  of  three  weeks,  then,  the  hard 
Lia  sandstone  pebbles  had  been  so  worn  down  as  to  have 
^^'^    ^11  traces  of  their  angularity. 

TTlie  ponds  knd  lagoons  in  the  rear  of  the  beaches  receive 
^^^  ^vhole  of  the  land  drain^e  and  consequently  the  sediment 
^Vv\eVi  the  streams  are  bringing  down.     The  sediment  is  depos- 
"^^^d  in  the  ponds  while  the  water  flows  into  the  lake,  either  by 
ftVtering  through  the  porous  gravel  beaches,  or,  as  in  the  case 
oi  **The  Pond*'  (see  map),  by  keeping  for  its^f  an  open  pas- 
sage through  the  beach.     Sediment  and  abundant  aquatic  veg- 
etation are  rapidly  filling  these  ponds  and  in  some  cases  have 
completed  their  task. 

By  a  reconstruction  of  the  truncate  druniHns  (see  map), 
one  can  see  that  there  has  been  a  retreat  of  the  off-shor'j 
beaches  and  drumlins  of  from  a  fourth  to  half  a  mile.  As  to 
how  much  farther  north  these  drumlins  extended  we  have  no 
certain  data :  but  the  presence  of  several  boulder  pavements  at 
a  considerable  distance  off  shore,  having  the  basal  outline  of 
drumlins,  seems  to  indicate  the  fonner  ])ositi<)ns  <►{  (Iriiinlins 
which  have  been  completely  cut  away.  These  boulder  pave- 
inenls  are  of  very  large  boulders,  such  as  the  waves  would  have 
been  unable  to  remove.  Just  such  boulders  are  now  to  be  seen 
oft  the  northern  ends  of  the  existin<^  tnnicated  drumlins. 

We  have  in  the  formation  of  the  above  described  inter- 
drumlin  beaches  a  striking  illustration  of  the  power  t^'  waves 
as  a  transporting  agent  and  proof  of  their  im])ortanee  in  slior'.- 
phenomena.  Professor  Tarr,  in  a  paper  on  "Wave  I'Ornied 
Cuspate  lM.)relands,"'''  calls  attention  to  the  imparlance  of  wave 
transi)ortation  as  a  cause  for  many  cus])ate  forelands:  and 
since  waves  seem  to  me  the  nK>st  important  aloni^^-shore  ai^ents, 
I  have  made  some  observations  which  show  in  a  detinite  nian- 
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EIGHTH  SESSION  OF  THE  INTERNATIONAL  CON- 
GRESS OF  GEOLOGISTS,  PARIS,  1  900. 

ITS  PROCES  VERBAUX   WITH   RUNNING  COMMENTS. 
PB8SIP08  Prazbr,  Philadelphia.  Pa. 

A  volume,  royal  8vo  of  62  pp.  has  been  issued  by  the 
French  niinistr\'  of  commerce,  trade,  post  and  telegraph  giv- 
ing" the  proces  verbaux  of  the  eighth  session,  held  at  Paris  last 
year  from  the  i6th  to  the  27th  of  August.  The  promptness 
with  which  all  the  publications  of  the  last  Congress  have  been 
issued,  is  an  unmistakable  indication  of  the  directing  power  of 
Qiarles  Barrois,  the  able  general  secretary. 

After  an  enumeration  of  the  twenty-five  excursions,  fol- 
low the  more  or  less  formal  addresses  of  the  retiring  president, 
Karpinski  (who  was  re-called  to  Russia  a  few  days  after- 
wards by  a  death )  and  of  the  incoming  president,  Gaudry. 
The  announcement  bv  the  latter  of  the  deaths  of  the  fomier 
members  of  the  Council,  Lieut.  General  de  Tillo,  Hauchecorne, 
Janettaz,  James  Hall  and  Marsh  seems  to  have  been  errone- 
ously printed  "since  1878"  (the  date  of  the  first  meeting  of  the 
Congress  in  Paris).  In  point  of  fact  all  these  eminent  men 
appear  to  have  died  since  the  St.  Petersburg  session  of  1897. 
In  Barrois'  report  the  happy  solution  of  a  difficulty  whicii 
threatened  the  success  of  these  International  Congresses  is  an- 
nounced. It  was  to  organize  two  sets  of  excursions,  the  first 
<;>|)en  to  practically  any  one  who  cared  to  take  part,  but  the 
second  restricted  to  professional  and  practising  geologists.  Vor 
several  sessions  the  local  committees  have  staggered  under  the 
increasing  burden  of  providing  for  the  transportation  and 
maintenance  at  a  minimum  price  of  great  numbers  of  person.^ 
chictly  foreigners  to  the  countrv  wliere  the  session  was  hcl«l, 
who  read  in  the  newspapers  of  the  excursions  plaimed  for  tlu- 
j^^eologists,  and  determined  to  profit  by  them  as  |)ersonally  con- 
(liicte<l  tours  to  which  the  payment  of  an  entrance  fee  of  twen- 
tv-five  francs,  entitled  the  j)ayer.  This  imi)osition  was  most 
severely  felt  at  the  St.  Petersburg  session  in  1897. 

Six  months  before  the  oj)ening  of  the  session,  the  news- 
I)apers  throughout  the  world  liad  announced  the  generous  ])]aii> 
of  the  Russian  IcKal  committee  to  carry  two  or  three  hundred 
members   of   the    Congress    in    special    trains,    ^^teanicrs,    and 
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especially  by  the  foreigners,  for  his  grace  and  courtesy  in  as- 
sisting them,  and  his  intelligence  and  zeal  in  the  science  of 
g^eology.  During  the  beautiful  Volga  steamboat  excursions 
he  will  ever  be  remembered  by  those  who  were  present  for  his 
delightful  singingr  of  the  Russian  folk  songs,  both  alone  and 
in  chorus.  One  day  in  St.  Petersburg  at  the  morning  session 
of  the  Congress,  after  the  Ural  and  other  ante-session  excur- 
*  sions  had  finally  come  to  a  close,  the  members  were  shocked  to 
learn  of  the  sudden  death  of  young  SpendiarofF.  A  few  days 
afterwards  the  president,  M.  Karpinsky,  announced  the  dona- 
tion of  his  father  to  found  a  prize  in  memory  of  his  son.  The 
object  was  most  laudable,  but  many  of  the  members,  including 
Haeckel,  feared  lest  the  precedent  should  be  abused  by  persons 
desirous  of  securing  international  notice. 

The  committee  appointed  to  determine  the  method  of  apply- 
ing this  fund  has  placed  it  in  the  Russian  treasur}^  to  the  credit 
of  the  Russian  Geological  Survey,  and  the  minister  of  agricul- 
ture and  domains  has  offered  the  interest  of  the  4,000  Rubles 
to  the  International  Geological  Congress  for  a  prize  to  be  of- 
fered under  such  conditions  as  the  congress  may  choose. 

This  relieves  the  difficulty  of  any  direct  dealings  between 
the  congress  and  individuals,  and  avoids  the  necessity  for  such 
an  organization  of  the  former  a^  would  enable  it  to  hold  and 
administer  funds.  On  the  whole,  in  its  present  shape  the 
donation  may  ])rove  l)cncficial. 

It  is  amusing  to  note  that  Kari)insky,  without  whom  the 
S])fndiaroff  prize  would  never  liave  boon  attacliod  to  tlic  Inter- 
national C^)n^ress  of  (Icoloc^ists,  was  the  first  t')  receive  it 
nolens  volens,  although  two  sessions  of  the  council  were  occn- 
I)ied  with  his  efforts  to  avoid  this  honr>r. 

\*ienna  was  named  as  the  ])lace  of  the  meetiii^^  in  1903. 

(  )n  Archibald  Geikie's  motion,  a  committee  ((leikie  chair- 
man, llorne.  Dawson.  Tschernyschew,  Sederholni,  Ramsay, 
C'hamherlin.  15r(")<^ger,  Reusch.  de  (leer.  II«»i;rom.  lUirrois.) 
was  appointed  to  secure  more  uniformity  in  the  relative  studies 
of  thjc  coast  lines  of  the  northern  hemis]>liere-  -and  another 
(  Credner  and  v.  Zittel,  Mojsisovics.  von  Moj^var.  Tietze. 
Geikie.  Teall.  Renard,  Walcott,  Ghaniherlin.  r>arrois,  de  Lap- 
perent.  Capellini.  Karpinsky.  Alexis.  Tavlow,  r>r<'),^-jL^er.  Renev- 
ier.)  to  ascertain  in  what  direction  international  cot">peration 
in  geological  investigations  is  most  recjuired. 


Tk€  American  Geologist. 


»:u   r-r^jt.rt   for    Russia    an-i    R 
:  untried  have  a»:ceC'C«£-l  tht  *: 

re--?  :r.  reference  :•:»  instruct:: r 


'.  r 


r-        . 


«4  >      «  « 


'T-'    « 


a-  "-I  :he  creatit->n  ':»r  a  n-i^arrr^  r:-:: 


A.  W 


was  rcier- 


'»-f 


*  .  *!-.';  '  ;•  ■ :  - : ':  1 .  n: r:: :  w-vt    n  international  o:"- perai:*:-n . 

.Vf.  •  •*-:.!'r.  -  :  r-.:":::ec  *•.  pr -cure  phrx^jgraphfc  reprefer- 
•;i*:.,n-  :  "  v:-  ..f  :  ,--:l  -r^rr-ric?  c-jn^ists  of  Bather.  \V»:- 
•>.>,r'\.  :  r-M.:..  •. ^r.  Z:*.:-:!  ^li-.airrr.an,  MoJ5i54j\'ic5.  v.  Mo;^\-3.r. 
•  i.iiL''.  v.  '!.  iir.Tvk.  !'ra:j.-..n:.  V.'aicott.  Williams.  Alcmen. 
^  i^j-y.T  .  ^»r:-:!r:r.  -'.-ir- :ar. .  Lar.avari.  Kjoer.  Stefanescu.  Pav- 
!'»v,.  ari'l  'I  *.:;rrT: ;-.:;-«: -A .  '.h'/rTat,  Linilstrom,  L^i^rri*:*!.  It  was 
Ti'-in^r-:  /.It  t:!;i.r  th-r  conimi^-i-'n  *nt.»ul<i  hasten  its  work  in  iicder 

■ 

T'/  -h' ;-.*.■  a  •:ijmr:'ir:ni:r;!ricnt  in  i'/-'3  at  \'ienna. 

'!  iiT  ••our.«:il  Iiri^Iizc^l  'jv  vote  the  practice  which  has  hither- 
T'.  ;tl.va;.  -  •^hrainc*!  '/f  rdci^atintr  t'»  the  manag^ement  of  each 
« -juii'::!  tl.i;  f;:;rctjti'>n  'jf  tlic  '.v«»rk-  «»f  a  congress  until  the  next 

'«■  — i'jii  of  tlv.;  i.-'.in^^n:--. 

r/:j  y^c clings  uf  tlic  Sections. 
I.     (Jtncnj!  (i Colony  and  Tectonic. 

.\n:liil>aM  <  jt:il-:i«:  the  |)rf<i'lent  of  the  section  delivered  hi> 
ad'ln---  on  intrrnational  0'/»ix.*ration,  etc.  ( X<3te. — It  wer.. 
;,'rratly  t'^  Ik-  «It:-ircd  that  Jainc-s  Geikie,  the  president's  talentetl 
ail' I  Irarnrd  ];rothcr.  t'.i<»k  a  niure  active  {>art  in  these  con- 
'^n-^^r^.  ]^>]>i.cia!ly  wouM  his  assistance  be  of  vakie  in  the 
-<-ftioii  [irc^idr'l  nvcT  hy  liis  e\-^)fficial  brother. 

'I  h«-  ];a|M;r>  were  : 

1/  J  /"ly  \  )  <  i«'i.!".iri«'al  age  •.•£  the  earth  detennined  by  the  con- 
^'■w-  '»•'  -M'l:-.;ii:  in  ilir  <M:ran;  J)  Experiments  concerning  dcnuda- 
t;«jTi  li>  fri  -!i  .fii'I  !.y  -all  water.  ,?  >  Order  of  formation  of  >ilicatc<  in 
wwd'.i-   vnk^     4*      iMtcrnal  nKrchani>ni  <>f  marine  sedimentation. 

i/    '/.-  Ijipf'iirriif.     <)!!  tlic  limit  oi  treological  stages. 

1/    .\f!jt>!.\.'is  .\!,-}u:irr.     Sni-ti^rrarK-aii  «lenudation. 

'./.   /.'//;■//.■■      'I  !i«.-  'l'-!T.:rl.-'i:"ri  "t  the  \'<j>ges. 

K'-;.  -rt  Mil  ilu-  wrk^  (tf  the  Glacial  Commission. 


//     /      /'  , 

:/     '■,■■-: 

1 .'     / '    .  . . 


'  ):i    -.I'.r   III'  ''.i-ni 
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■f  glaciers. 


,"■  1 


t'TMirr  r\t»  Ti-i'.n  nf  glaciers  in  the  regions  dis- 

['■  I'ji.iTi  :iv:;;:"t'tii'  r\T)i  <liii<.»n. 
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:•  v>    l:*  <»!..i^irnl  map  of  Roumania. 


i'l"!  .,-■;.  n   vi-.r.T|o    ;,,   simplify  the  notation   of  dip 
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The  Me  Paral.    The  sroitw*  of  La  Cure, 

II.     Section  of  Stratigraphy  and  Paleontology. 
V.  Zittel  presiding  in  place  of  Rtnovier  tietaiiitfti  by  iUness;. 
The  suggestions  of  the  committee  have  only  moderate  in- 
terest or  novelty. 

One  is  ti>  substituir  "E""  for  "Paleti."  but  it  has  not  iK- 
«urred  to  the  proposer  of  the  change  what  would  Iw  the  falc  of 
"Eo^oic"  and  " Paleo'zoic ,"  Ivrth  terms  of  tp-ciit  vsthic.  As  M 
eras,  Gaiidry  prefers  ihc  tenns  primary,  sccondap.'.  and  tcrii- 
«ry. 

Prof.  Scan  pre»entB  to  ihc  sccliim  ihc  fnlina  nf  Palagnnia.  tlirougli 
<thc  studies  of  J,  B.  HstcIiLT-    The  serms  of  bcd»  is  thus  arranged : 

Canlt;  conMininK  Ammonites  re^iembling  entirely  the  synchronous 
fauna  of  the  Sotith  of  Africa. 

iSasellian;  u  teirane  of  Eocene  or  Oligocene  age. 
Palaeonian;  very  fosiiilifcroui  Miocene   of   which   the   fossils   are 
jClo^cly  allied  10  thoM  of  Australia  and  New  Zcalund. 

Santa  Crus;  beds  fcBBiltferotw  fresh-water  Miocene  with  nmmmifwii 
of  which  the  faiiHA  i«  more  closely  related  to  the  touchcrn  .\tislrall.iii 
fauna  of  Africa  th&ti  to  the  norlltcm  of  America. 
Sedt  of  Cape  Foirweallier;  E'liocene  ngc, 

M.  Bertrand  by  "Ke'osic  and  hiiniic  coals,"  comiirehcnd*  ilic  bog- 
head coaU  anc!  bilimiiiwvi?.,  ^chi'^Ts.     Hii  p,i[iiT  ii  tirisjiniil  and  iniLrc't- 

U.  Gnmd  Ewry.    On  tfw  rooted  stems  of  the  Carbonic  terranes. 

M.  Lemeire.  Mcthodicsl  contiection  explamtofy  of  the  chemical 
formation  of  various  fossil  combustibles. 

M.  H.  F.  Otborn.  i)  "Progress  of  methods  in  Paleontology."  2) 
"Correlation  between  (he  mammiferous  faunx  and  the  Tertiary  hori- 
zons of  Europe  and  America." 

The  conclusion  of  this  last  study  is  that  in  these  two  regions  of  the 
northern  hemisphere  the  paleontology  and  stratigraphy  accord  ;  that  the 
progress  of  evolution  is  parallel  if  not  identical;  and  ih^t  ihe  same  di- 
visions into  stages  may  be  permitted. 

■If.  Fichrur  presented  the  third  edition  of  the  geological  map  of  .-^l 
geria  on  a  scale  of  i :  800,000. 

M,  Ftamand.  "Geology  of  South  Algeria,  high  plateaux  and  moun- 
tains of  Ksour.  and  the  regions  of  Sahara." 

M.  Donviile.  l)  "The  Jurassic  lerrane  of  Madagascar."  2)  "The 
geological  results  of  the  exploration  of  M.  Morgan  in  Persia." 

M.  Zeillcr.    "The  fossil  plants  of  Tonkin." 

M.  MalaUe.     "The  Cambric  and  Siluric  in  Belgium." 

M.  Oehlert,  proposed  the  foimdation  of  an  internalional  publication 
for  the  purpose  of  re-editing  the  type*  of  described  species  anterior  to 
a  certain  determined  epoch.  This  propoeiiion  was  referred  to  the  Coun- 
cil. 
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once,  without  interfering  with  the  uhimate  development  of  the 
classification  and  dismemberment  of  these  groups  in  subdivi- 
sions.    Adopted. 

Seventh  suggestion.  It  is  desirable  to  designate  the  prin- 
cipal types  of  structure  by  special  names.     Adopted. 

Ninth  suggestion.  It  is  necessary  to  avoid  the  employment 
of  the  same  denomination  (of  identical  tenn)  in  different 
senses.     Adopted. 

Tenth  suggestion.  The  employment  and  creation  of  dif- 
ferent terms  to  designate  the  same  idea,  the  same  rock,  or  the 
same  group  of  rocks,  should  be  avoided  wherever  possibU?. 
Adopted. 

Thirteenth  suggestion.  The  employment  of  pre-exist  in  12: 
names,  or  the  assignment  to  them  of  a  new  meaning,  by  re- 
stricting or  enlarging  their  significations,  should  be  avoided 
wherever  possible. 

The  secretary  exhibited  the  proof  of  the  petrographic  lexi- 
con of  M.  Loewinson-Lessing. 

M.  Zirkel  was  elected  president  of  the  commission  of  Petrog- 
raphy. An  executive  committee  of  the  petrographic  commit- 
tee was  chosen,  consisting  of  llecke,  Barrois,  Bn")gger,  Loewin- 
son-Lessing, Pirsson. 

T\'.     Section  of  .Ipl^licd  Geology. 

M.  Mourlou.     "The  new  paths  of  Belgian  geology." 

M.  Cossclct.    "The  salt  waters  met  in  the  aquiferous  areas  in  nitriii- 
crn   France. 

M.  I'an  dcr  I' cur.     "The  enlargement  of  the  Kingdom  (U"  the  Wiii 
crlancK  hy  tlie  drawing  of  the  Zyderzee." 

M.  Thcvcnui.     "The  plateaux  of  the  Hautes  Pyrenees  and  the  (hnus 
of  Ciascony." 

T'.  d.  Brocck.     "The  applications  of  geology." 

M.    Kuuz.     "'Tlie  progress  of  the   prcxluction   of  prcciou<   stone ^    /.i 
the   United   States." 

yi.  L.  Janet.     "The  enclosing  and  protection  of  the  springs  of  puia 
^^\c  water.' 

M.  dc  Richard  (read  hy  the  proident).     "The  origin  of  petroleum."* 

Final  General  Session. 

M.  Matthew,  Jr.,  presented  in  the  name  of  hi.s  father  n 
note,  printed  by  the  congress,  on  "The  most  ancient  palcozui-.* 
faunae." 
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An  interesting  episode  was  the  reading*  by  the  secretar- 
g:eneral.  M.  P.arrois.  of  a  passage  from  a  note  by  M.  Waicxi 
director  of  the  L'.  S.  Ge»jl.  Sur\ey,  on  "Fossiliferous  pre-Ca.T- 
bric  formation."  in  which,  relying  on  the  testimony  of  II 
Rauft.  he  doubts  the  existence  of  the  organisms  describeil  1;. 
M.  Cayeux  in  the  pre-Cambric  of  Brittany.  After  the  readme 
M.  Rothpletz  stated  that  with  M.  Renard  he  had  seen  the  se:- 
tions  describe*!  by  ^[.  Cayeux  and  considered  the  existence  ■"' 
the  Radiolaria  in  these  preparations  indubitable. 

.\[.  PdzlozK.  I.)  "The  Portlandian  of  Russia  compared  to  that  of:r. 
Boulonnaise.*'  2)  "Some  methods  which  might  contribute  to  the  c'.i~- 
•ration  of  a  genetic  classification  of  fosails." 

M.  /'.  dc  Brocck.     "*On  the  Berni>5artian-" 

.1/.  ./.  Gucbhard.     "Tectonic  phenomena  of  the  Alpes  mantim-i-^ "' 

The  president  announced  the  receipt  of  a  written  communtciU'r: 
from  NIM.  Lohest  and  Forir  nn  "The  method  of  numbered  notaticm  •  f 
terranes." 

M.  Stiinislas  Mciinicr.  "The  structure  of  the  diluvium  oi  r.'v 
Seine." 

The  Secretary- -Gen  era  I  resumed  a  note  from  M.  Hull  on  "SuNxeai:- 
ic  terraces  and  \alley*  of  the  we>tern  rivers  of  Europe."     AIs«?  a  n-"* 
frum 

M.  HuddUston.  (>n  "The  eastern  lK>rder  of  the  Atlantic." 

M  fi.  A.  Martcl.  "The  general  geological  and  hydrological  revj>f 
of    the    ^nl)tcrrar.t:an    cxpU'rati'-ns    whicli    the   author    has    underraK-." 

M.    ir.    /'i'llfus.     "The    last   geoI«»gical    phenomena     of     which     r-.: 
Seine  rmd  L<»ire  ha\'o  been  the  theater." 

The  late  cong-fL-ss  is  plerlged  to  pubHsh  before  the  expira- 
ti'»n  «jt  the  year  a  volume  containing"  not  only  the  tran.sactiops 
hut  ini|MirtaiU  nieinoirs  acc(niipanied  by  fine  illustrations. 
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TWO  NEW  GENERA  AND  SOME  NEW  SPECIES  OF 

FOSSILS   FROM   THE    UPPER  PALAEOZOIC 

ROCKS  OF   MISSOURI. 


I'LATE  XXVllI. 

It  is  uur  purpose  here  first  to  tUscuss  two  little  groups  of 
hlasKiids  of  which  scarcely  anything  is  known  to  the  general 
stvidcnt  of  this  class  of  organisms,  since  they  are  not  only  very 
liinited  in  their  distribiitioiK  hut  (.'veii  locally  reckoned  among 
the  rarities. 

Of  grrotip  one.  the  first  mention  is  probably  to  be  found  in- 
Dr.  Shumard's  description  of  PciUremites  rotmeri  in  the  old 
"Missouri  Geological  Survey.  I  and  UReports,  1855."  Imper- 
fect as  tlie  description  is  and  ptxir  as  the  figures  are,  the  author 
had  before  htm  a  specimen  of  what  has  since  been  described 
as  Granalocrinus  saiupsoni.  It  was  liardly  a  medium  sized  in-  ' 
dividual  ami  without  surface  markings,  but  with  die  rather 
large  interradial  (deltoid)  and  distinctly  convex  base.  (I  re- 
fer to  his  figure  aa.  Figs.  2h,  2c  and  ad  represent  another  atid 
quite  distinct  thing.) 

Along  with  his  figure  of  Gnniati'crinus  sampsoni.  Dr.  Hani- 
bach  figures  one  of  Dr.  Shmnard's  specimens,  but  it  is  certainly 
specimen  no.  2  (2b,  2c,  2d  as  above)  and  can  hardly  stand  for 
G.  roemeri. 

The  type  of  the  latter  species  came  from  the  Cliouteau  lime- 
stone of  Providence,  Boone  Co.  Later  collectors  have  foimd 
this  form  near  Sedaha,  Pettis  Co.,  and  in  the  Kinderhook  beds 
at  Osceola  and  Cedar  Gap.  The  author  of  this  paper  has 
found  it  at  both  of  the  latter  places  and  has  obtained  specimens 
of  it  from  the  other  places  mentioned. 

The  next  species  of  the  group  brought  to  the  notice  of  nat 
uralists  is  the  Codonites  itwpiiiatus,  passing  over  the  problem- 
atical Pentremites  ncglcctus,  too  poorly  defined  and  ill  figured 
to  be  able  to  be  identified  even  geuerically. 

Codonites  inopinafus  was  figured  and  described  in  the 
Kansas  City  Scientist,  July,  1891. 

In  the  August  number  of  the  same  journal  and  same  yea-" 
the  third  species  was  defined  and  figured  as  Granalocrinus  apla- 
tus.    Two  more  species  will  follow  the  generic  description  here. 
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Thi<  J^Toiip  «.f  l)la>tMids  presents  some  striking-  character>*JCN 
and  i>  tiinher  rcin«A-erI  from  Drbitreinitcs  <  <"iranaiLicnn:iji 
than  (Jrypto?)a>tu>  is.  The  base  is  either  level  with  the  l«wer 
en<l>  of  the  amlmlacra  or  decidedly  convex.  The  l>a>al  plates 
form  a  low  hroad  cuf).  thus  separating  widely  the  lower  ernhoi 
the  anihtilacra.  The  interradials  (deltoids »  arc  rather  largt. 
often  quite  a  third  of  the  length  of  the  fossil,  while  the  anal 
plate  is  >onietinies  extravagantly  produced  upwarrl  to  fomi  a 
h(t(K\  over  the  anal  *>pening  and  pushing  out  towards  the  center 
sr>  as  to  reduce  the  usual  star-shaped  central  o|H:ning  t-.-  i 
humle.  The  spiracles  are  small  and.  althoiig"!!  kn»»wii  f^r 
s<^>me  time  in  driuiatncnnus  afflatus,  have  been  discovered  but 
recently  in  C'*(fni:itcs  inophiatns.  They  are  hardly  round  in 
any  of  the  sjiecies  and  decidedly  elongate  in  the  last  twv*  mcn- 
tir>ned  si)ecies,  thus  approaching,  as  we  have  always  susj^ected. 
the  slits  of  Oniphncrinns. 

The  prominence  of  the  radial  or  fork  pieces  along  the 
sutures,  gives  rise  to  elongate  depressed  triang-les  horderini: 
the  amindacra.  and  across  these  triangles  the  lines  of  ornanicii- 
lation  run  as  on  the  deltoids,  or  interradials.  recalling*  the  side- 
I)late  areas  r>n  C  )roi)hocrinus.  The  ambulacra  are  either  evtrn 
with  the  surface  of  the  radials  and  interradials  or  stand  our 
head-like  above  them. 

The  tops  of  the  radials  at  the  common  suture  are  generally 
I)romineTU  an<l  sometimes  so  mtich  so  as  to  give  a  stronjjly 
fx-ntagonal  cro>s  section  and  a  decidedly  Codaster-like  appear- 
ance to  the  specimen. 

The  ornamentation  is  either  linear,  sometimes  verv  fine  ami 
again  cord-like  in  its  coarseness,  or  toothed-linear  and  possiWy 
granulo-linear. 

We  prr)pose  for  this  little  group  the  generic  name  of  Lopho- 
hlastus  in  allusion  to  the  crest-like  hood  over  the  anal  opening. 
and  make  Codouitcs  inopinatus  the  ty|)e  species  of  the  genus. 
We  nfftr  the  t»»lk»wing  generic  diagnosis:  r»(xly  conoidal. 
elliptical  <»r  (juite  glnlxKe:  ventral  side  generally  convex,  but 
M»m('timi>  flat :  base  large,  flat  or  decidedly  convex  :  deltoi<ls  «.»r 
intirradiaK  large,  sometimes  a  third  of  the  entire  body  length; 
ra<lials  <>r  fork  pieces  from  one-half  to  nearly  three- fourths  the 
length  of  the  whole  body:  ambulacra  even  with  the  radial  lips 
or  above  them:  Spiracles  ten  in  niunber  and  vary  from  punc- 
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nres  to  slits ;  anal  opening  surrounded  by  aii  elevated  rim  and 
rften  strong  hood-like  upper  prolongation  of  the  anal  deltoid 
■  intcrradius :  ornamentation,  fine  lines,  coarse  aird-like  folds, 
7  creiiulated  lines ;  columnar  cicatrix  rather  lai^,  birt  the  ccA- 
Pnnin  is  unknown,  so  also  the  pinules.     The  central  -openinf; 
above  (ventral)  confined  to  a  Inntilar  area  and,  in  perfect  speci- 
i,  covered  by  aii  integument  of  snialt  plates. 
The  genus  begins  in  the  Kinderhook  or  the  so-called  Lower 
u'Chouleau  beds  and  extends  through  the  Lower  Burliogton. 

LophobtastuB  conoideus,  n.  sp. 
jitK  xxvm. 

Fig.  I. — Side  view,  Iwo  diaitielers,  of  a  large  specimen. 
Fig.  X. — Ventrsl  view,  two  dlaioetcrs,  of  another  jpedmen. 
Fig.  3- — Si<Ie  view  of  a  large  cllrptical  specimen,  natoral  size. 
Fig.  4. — Side  view  of  a  specimen,  probably  of  a  different  spedei. 
Body  small,  conoidal  or  elliptical.    Base  large,   convex  and  com- 
ftoscd  of  the  usual  three  plates.    Columnar  scar  medium  in  size  and 
I  excavated,     fmerradials  from  one-fourth  lo  one-lifth  the  length  of  the 
1  body.     Radtals  more  than  half  the  length  of  the  body,     llle  lower  end» 
[  of  the  ambulacra  project  outward.     The  spiracles  are  roimd  or  slightlr 
*   elongate  openings  and  the  anal  npening  i.<  rather  large  and  with  a  lets 
pTf'iK>miecd  liood  tlinn  :iT;y  .>f  tv,;.  iiHiT  -p'^i-i'-   fv^..|ifjniv  Lofhoblosttu 

The  ciE!.,^   .  ■     I .  ■       Mrallel  with  the 

plate  snitiref.    Tbe  elongate  tnanguiar  areas  boundmg  the  ambulacra 
as  marginal  parts  of  the  radials  are  less  pronounced  than  in  the  ^e 

The  specimens  of  this  species  were  collected  from  Upper 
Chouteau  beds,  two  and  one-half  miles  northeast  of  Currv- 
ville.  Mo. 

This  fossil  was  figured  along  with  Granatocri»us  iinilabili.'; 
under  the  impression  that  it  belonged  to  the  same  species,  but 
better  specimens  lately  obtained  show  the  greatest  difference 
between  them. 

Lophoblastus  marglnulus,  n.  sp. 
Plate  xkviu. 

Fig.   18. — Ventral  view  of  a  specimen  with  the  central   opening 

covered  by  an  arch  of   minute  plates  extending  a   lillle   nay 

over  the  ambulacra. 

Fig.   19. — Side  view  of  the  body  of  the  type  specimen,   showing 

the  character  of  ornamentation  and  the  little  rim  around  the 

stem  base. 

The  collection  contains  four  of  these  little  blastoids.     The  base  is 

flat  or  a  very  little  convex.    The  lower  ends  of  the  ambulacra  are 
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separated  by  a  rather  broad  base  made  up  of  the  usual  three  piece. 
The  columnar  base  is  surrounded  by  a  distinct  rim,  giving  a  >iigiiL7 
concave  surface  for  attachment.  The  radials  (fork  pieces)  are  h^rdiy 
more  than  half  the  greatest  length  of  the  bod3'.  The  interrad^i 
(deltoids)  are  more  than  a  third  of  the  length  of  the  body.  The  aiL- 
bulacra  are  more  convex  than  the  radial  and  interradial  borders  acd 
the  interambulacral  areas  are  flat  or  concave  and  three  of  the  fonr 
specimeuN  are  decidedly  pentangular  in  cross  section  but  this  may  hf 
due  in  part  to  the  fact  that  the  test  is  verj*  thin  and  the  three  <pec- 
mens  in  (piestion  may  be  a  little  misshapen,  due  to  pressure. 

There  are  ten  elongate  or  slit-like  spiracles  and  an  anal  opening 
with  a  hood  Imt  less  prominent  than  in  L.  aplaius. 

There  i>  nt)  elevation  above  the  general  surface  at  the  tops  of  the 
radials  as  in  L.  opitiatus  but  the  ornamentation  is  the  same  as  in  iha: 
species  (fine  longitudinal  lines),  the  cross  lines  of  the  deltoids  c-n- 
tinning  down  the  sides  of  the  ambulacra  as  elongate  triangles  on  tht 
radials  to  the  very  end  of  the  ambulacra.  The  mid-interambulacral 
triangular  area<  of  the  radials  are  crossed  longitudinally  by  fine  lirw-.. 
The  type  'Specimen  is  7'j  nun.  long  and  at>out  7  mm.  wide.  Tre 
basal  rim  i>  a  little  over  2  mm.  wide. 

This  blastoid  comes  from  the  brown,  earthv  laver  just  over 
the  top  of  the  fifth  division  of  the  Lower  Burlington  limestone 
and  is  associated  with  L.  a  plat  us,  Aorocrinus  icachsntuth. 
Ai^aricocrimis  f^hmocotnrrsus  and  Cactocrinus  sprin^o' 
l-Jart's  and  Pratt's  Ouarries,  Louisiana.  Mo. 

An  averajL^e  specimen  of  L^>i)hoblaslus  conoideus  is  alxnit 
4  mm.  in  lenj^th  by  4  mm  in  breadth.  A  larfj^e  specimen  6mm. 
in  length  by  4'  jmm.  in  breadth.  A  small  sj>ecimen  23  ^"i"!-  J'' 
leni^tli  by  ^^mm.  in  breadth. 

The  species  «»f  this  j^enus  at  ])resent  known  arc, 

LopJiohlastus  iiiopinatiis.  T^ower  lUirlington  limostc»ne. 
Loplhihlcstiis     aplatus,     near    top  of  Lower  Burlington 

limest<»ne.  • 

Loplufhlastiis  C(Hii)iilnis,  toi)  of  Choteau  limestone. 
L('pJh)!^liisfiis     nuiri^^iuuhis.    top    of    Lower     lUirlins^t"!* 

limestone. 
I.ifplh'hhisfiis   ri'cnicri,    l\in(lerh(X>k  or  Lower  Choutea" 

linu'^lone. 
L,>ph,ii>hisfiis  {  ': )  //(\;^/r(7//.s'.  Lower  lhirlinj»"t on  limestiiuc 

Tlu'  (>tlii-r  .L^ron]'  embraces  three  already  described  si>ecit- 
and  a  n(,\\  <>nr  lien-  tii^iired  and  described  for  the  first  time. 
(;.■(;;/./.'■'(•'■/ //.7.N-  ///./-/.'//■'./.v/.N-  was  defined  in  the  October.  l8<»5 
niini1»tr  ct'  ilir   \\iiku  an  ( ii-.oi.ocisT.  (/.  piriformis  in  the  Aug- 
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list,   1 89 1,  number  of  the  Kansas  City  Scietttist,  and  G.  stclla 
in  the  February,  1900,  number  of  the  American  GEOLor.isT, 

We  prc^ose  for  this  group  the  generic  name  Carpcntcrc- 
blasttis,  Rs  a  shght  tribute  to  our  friend  the  late  Dr.  P.  Herbert 
Carpenter,  of  Eton  College,  England,  and  take  for  the  type 
sp)ecies  Granatocrinus  magnibasis.  The  distinguishing  charac- 
ters of  the  new  genus  are  sunken  ventral  surface;  narrow,  ele- 
vated ambulacra;  broad,  convex  basal  disk;  coarse,  cord-like 
ornamentation,  and  usually  distorted  appearance;  rather  small 
deltoids,  eight  small  rounded  spiracles  (two  more  are  probably 
confluent  with  the  anal  opening),  and  a  small  anal  opening. 
Xone  but  the  young  of  C.  magnibasis  have  symmetrical  shapes, 
while  most  of  the  specimens  of  C.  stclla  are  similarly  and  singu- 
larly misshaf>en,  the  only  one  preserving  the  test,  however,  is 
quite  regular  in  outline.  C.  stclla  differs  much  from  the  other 
species  in  the  free  ends  of  the  ambulacra  and  consequent  great 
prominence  of  the  base.  The  new  species  is  represented  by  a 
single  specimen  and  that  is  in  a  crushed  condition.  It  will  bo 
known  as. 

Carpenteroblastus  pentagonu^,  n.  sp. 

Plate  xxyiii. 

Figs.  26  and  27. — Side  and  ventral  views  of  the  type  specimen. 
This  Jittle  blastoid  is  about  6  mm.  long  by  5J/2  mm.  broad :  has 
small  deltoids,  long  fork  pieces  and  a  flat,  not  large  base;  the  ventral 
side  is  concave.  The  spiracles  are  small,  round  and  the  anal  opening? 
is  inconspicuous.  The  ambulacra  arc  narrow  and  convex  iK'yond  tho 
radial  edges.  The  interanibulacral  areas  are  flat.  The  ornamentation 
is  hardly  noticeable  on  the  type  specimen. 

This  rare  bastoid  comes  from  the  same  horizon  as  LopJio- 
blastus  aplatus  and  L.  marginuhis  (top  of  the'fifth  division  of 
the  Lower  PUirlington  limestone)  at  Louisiana,  Mo. 
The  species  of  this  genus  at  present  known  are, 

Carpenteroblastus  magnibasis,  base  of  I'pper  rjiirliiit^tt^ri 

limestone. 
Carpenteroblastus   piriformis,    Upper    r>urlinj.::ton    liiiir- 

stone. 
Carpenteroblastus  stclla,  base  of  Upper  Burlington  lime- 
stone. 
Carpenteroblastus  pentagonus,  top  of  fifth  division  Lowor 
Burlington  limestone. 
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Aorocrinus  wachsmuthi,  n.  sp. 

Plate  xxviii. 

Fig.  38. — Side  view  of  the  type  specimen,  natural  size. 

Thi>  little  crinoid  has  nodose  calyx  plates  and  blunt  spinose  \fn- 
tral  plates.  The  central  dome  spine,  so  conspicuous  in  Dorycrinus  :.• 
reprcNcntcd  by  a  nodose  plate  in  this  species.  The  basal  plates  iottb 
a  low  rim  about  the  top  of  the  column.  The  first  radial s  are  vcnr 
nc^dose  and  abmit  as  long  as  wide.  The  second  radial s  are  smaller, 
quadrangular  pieces.  The  third  plate  in  the  radial  series  is  a  bifur- 
cating piece  and  five-sided,  and  a  little  smaller  than  the  second  radial. 
The  interradials  consist  of  one  large  noduse  plate,  upon  which  rest 
two  flattened  plates  above.  The  anal  interradial  area  is  filled  by  a 
large  plate  in  line  with  the  first  radials  and  a  little  larger  than  them, 
supporting  three  smaller  nodose  plates  above  and  resting  on  the  latter 
in  turn  a'ro  three  smaller  flat  plates.  The  anal  opening  is  on  a  wart- 
like prominence.  Three  of  the  arm  lo!)es  give  off  two  arms  each 
while  the  right  and  left  anal  lobes  give  off  three  each,  making  12  arms 
in  all.    The  .stem  base  is  very  small  and  roimd. 

We  are  glad  to  name  this  pretty  little  species  for  the  late  Charle> 
Wachsmuth  of  Burlington,  joint  author  with  Mr.  Frank  Spring- 
er of  the  genus  Aorocrinus. 

This  criiioid  is  found  associated  with  Lophoblastiis  aplattis 
and  another  Aorocrinus,  apparently  a  variety  of  A.  parz'a,  near 
the  top  of  the  fifth  division  of  the  Lower  Burlington  liineston?: 
at  Louisiana.  Mo. 

In  our  notes  on  tlie  "I'^auna  of  the  Burlington  Limestone  at 
Louisiana,  Mo.,"  Amkrtcan  Gkoumust,  Vol.  XX\'L  October. 
i</x),  page  247,  we  mentioned  a  specimen  of  Schizoblastus  sayi 
with  a  short  Droboscis.  We  here  figure  this  little  specimen  to 
show  this  feature.  Another  sT)ecimen  has  since  been  found 
showing  the  same  structure.  I'igs.  15  and  16;  the  latter  is  an 
enlarged  view. 

iMg.  30  is  a  side  view  of  a  splendid  lx>dy  of  Cactocrimis 
spriiii^cri,  a  crinoid  figured  and  described  by  the  author  in  the 
I'Vhruary.  i(;oo,  Amkrican  Gih)Uhast,  as  Batocrinus  springcri. 

I'ig.  31  is  a  large  body,  somewhat  crushed,  with  three  entire 
ann.s  and  parts  of  three  others.  The  great  ventral  tube  is  pre- 
served to  the  arm  tij>^  and  furnished  with  spines.  The  arms  are 
travcrvc<l  longitudinally  l)y  short  spiny  nixles  in  rows.  Asso- 
ciated with  these  crinoids  arc  spiny  stems  which,  doubtless, 
belonged  to  this  s]>ecie^. 


The  i'/if-cr  Paiofosoic  Fossils  of  Xfissomri. — Ro^dey.   349 
Axophyllum?  alien),  n.  sp. 

LATE  XXTIIL 

Fig*.  33;  J3.  3+ —Silk  Mid  vcnu-jil  vicw^  qi  the  Urgcsi  specimen 
Pig  35. — SmIc  nrw  oi  a  inuUer  specimen  from  WVMon.  Mk. 
All  drawn  natural  tiic 
The  >pcciincii»  (■(  Oiis  tjicnes  »m  ihfri  and  broad,  wfiiti  ihp  lop  iii 
m  lanidke  arched  and  above  the  rpitbecal  cirvrring  of  Ihc  oulMdc, 
►en  mntc  pmnanncrd  ihan  in  Mtrrocychn.  The  Iamcll»r  or  stpu 
■tmibcr  aboin  iixly  <(>])  and  are  ratbcr  crowded.  The  ccniral  tlU^9 
r  adumena  nf  the  shallow  cup  is  *Jrfmg,  rrtmidcd  and  hnv.  or  triao- 
^ular.  and  t*  ionUMt  of  the  upturned  inner  edgr^  of  (he  lamrlUe  or 
^a.  The  cops  tbutr  nti  other  feature  than  those  mentmncd.  Tlie 
pulLj  surface  or  cpittteuU  covering  is  runndcrnbly  wrinkled  and  folded. 
fThn  base  u  acute  and  with  or  wilhunt  radicular  appendago. 

Its  distinguishing  characters  arc  tlw  shallow  ciii>,  tipper 
dgcs  of  the  septa  arched  abm'c  the  LUiter  epitticcal  covering. 
shallow  almost  discoidsl  outltn«,  sluwl  Imt  stout  crtliaiiella 

It  comes  from  the  L'ppcr  Coal  Measures  of  Xonhweslcni 
Missouri.    Spccimeii,  figure  31;.  is  fpMH  \Ve*lon. 

The  specific  name  is  in  htmor  nt  Mr  TTiomss  W  .Mien,  of 
.  St.  Joseph,  Mo.,  an  imcelleni  cdlecior  in  the  I'jjpcr  tr<ial  Mc»a- 
tires  of  tvesteni  Missoari  and  one  to  whom  the  atith-M-  is  in- 
debted for  many  favors. 

Leptopora  ramosa,  n.  sp. 

Fi^    „■    -  -  .  .       .  ■■    ,      ■■,■:;.     ...  ,,■   -l^c 

Two  specimens  of  this  peculiar  coral  arc  in  ihe  aulhor's  collection 
and  both  are  pointed  below  and  expand  above  by  the  multiplicatioa 
of  stems  from  the  parent  stalit.  due  to  lateral  gemmaliori.  The  coral- 
ites  are  more  or  les?  round,  very  rugose  and  irregular  in  shape.  The 
cups  are  verj'  shallow  and  where  the  sides  and  bottoms  are  weathered. 
appear  cellular.  No  septa  are  visible  and  are  probably  wanting,  but 
placenta  are  probably  present  as  in  L.  placenta,  although  not  .'een  in 

This  species  occurs  in  the  Chouteau  limestone,  east  of  Cur- 
r\ville,  Mo.,  associated  with  Leptopora  placenta  and  other  cur- 
ais. 

Leptopora  procera,  n.  sp. 

Pl.\te  xxvai. 

Fig.  37. — Side  view  of  the  type  specimen,  natural  si7e. 
The  base  of  this  coral   differs  but  little   from  Leptopora  placenta. 
being  flattened  and  with  large  shallow  cups  and  a  ver;-  wrin).-led  and 
rtigose   cpithecal  nnder   surface   but   in   producing   tall   crowded   stems 
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above  by  calicular  budding,  it  differs  from  all  the  species  of  Lcpto- 
pora  with  which  the  author  is  acquainted.  The  stems  spring  from  tlit 
shallow  cups  below,  are  more  or  less  round,  very  rugose  and  distortcu 
and,  crowding  together  at  the  top,  the  otherwise  round  cups  become 
polygonal.  From  the  calyx  of  one  of  the  stems  three  small  stc^l^ 
arise.  No  septa  are  observable  nor  are  placenta,  but  the  latter  arc 
surely  present.  The  cups  are  shallow  and  arc  pitted  or  cellular  iu 
appearance. 

The  fine  sjiecimen  figured  was  obtained  from  the  Chouteau 
limestone  at  Annada,  Mo. 

Trigeria?  currlel,  n.  sp. 

Pl.vte  XXVIII. 

Figs.  40,  41.  4J. — Views  of  the  brachial  and  ventral   valves  ani 

the  front  of  the  shell,  respectively,  twice  natural  size  or  twD 

diameters. 
Shell  longer  than  wide,  plicated  but  with  the  plications  more  or  lc<5 
obsolete,  except  near  the  front  of  the  .shell.  Young  individuals,  how- 
ever, are  plicate  throughout.  The  beak  of  the  pedical  valve  is  rather 
long  and  pointed  with  a  triangular  area  beneath  it  and  a  delicate  tri- 
angular foramen.  Nothing  is  known  of  the  inside  of  the  shell.  The 
shells  vary  from  ij'imm.  to  6  mm.  in  length  and  from  I  mm.  to  6 
mm.  in  width.  The  specimen  figured  is  5  mm.  by  4  mm.  (length 
and  breadth. j  There  is  a  slight  sinus  at  the  front  margin  of  the 
brachial  valve  and  sometimes  one  on  the  pedicel  valve  also.  It  i> 
rather  a  rare  form  in  the  Louisiana  (Lithographic)  limestone  at 
Louisiana,  Mo.  It  is  obtained,  among  other  small  forms,  by  washing 
the  clay  from  between  the  limestone  layers. 

Thi.s  little  hracliiopud  is  named  specifically  for  Rev.  H.  Cur- 
rie.  of  Tiled  ford.  ( )ntario,  an  excellent  collector  in  the  Hamil- 
ton jLj^nnip  and  a  most  oblig^in^  scientist. 

Dielasma?  pediculus,  n.  sp. 

Plate  xxviir. 

Figs.  43,   44,   45. — Rrachiai.   pedicel   and   front  views  of   a   large 
specimen,  two  diameters. 

Length  oi  a  large  si)ecimen  4J^,  width  3J^  mm. 

This  little  shell  is  »imootli.  rather  Hat.  elongate,  with  a  rather  long 
pi-dicel  beak,  the  end  of  which  is  perforate.  It  occurs  abundantly  in  the 
clay  seanis  of  the  lime>tone  and  is  obtained  by  washing^  the  soft  ma- 
terial. It  i>  found  as>ociate(l  with  the  above  species.  Anibococlia 
niinnta  and  Clmnitc^  j^eniculata  in  the  Louisiana  limestone  at  Louis- 
iana, Mo. 

Nucleospira  barrisi?  (white.) 

I'l.ATF    WVIII. 

V'v^^.  4<».  47.  4S.-    riirrv  vic-w-^  of  the  brachiopod,  natural   size,  as 
it  ()r(;n-^  in  tlu'  L( an'-iana   (Lithographic)   limestone  at  Louisiana.  Mo. 


Cyrtolites  ben'nettt,  n.  sp. 
-*Ti  \iiir[ii. 

Figi.  6i  and  (13, — From  and  lidc  views  iif  ihc  IJiic.  nainral  •«<:, 

The  sjicrture  of  thri   ihrll   is  elongate,   heart  shapeil.     There  i»   j 

>d'dorsaJ  fold  and  the  strong  lateral  linc»  fit  oriunicniAlion  curve 

Afply  [Award  this  fnld.    The  inner  whurls  »rc  hidden  by  thf  outer. 

Tliu  shell  is  J'/i  imn-  M-ide  and  U  very  rare.    It  'it  namc<l  for  my 

jfricnd,  Re^■.  John  Bennett,  of  Knnuis  Ciiy.  Kan. 

It  (iccurs  alaiut  the  middle  of  ihe   Lower   Uiirtin|[tuii   linie.tluDc  at 
..  Mo. 


Sptrorbls?  dubius,  n.  sp. 

.ni  XXVIII, 

P'B'  59.  to— Two  views. of  the  type  oiiecimen,  ii«iiinil  sixe. 

rhis  little  nheJI  was  (tee  and  has  uo  appearance  of  ever  having  lieen 
anacbed. 

it  is  cnmpoiked  of  ibrce  trrcgiilar  wborU.  mofc  or  W»i  djtiorted  ami 
OMssed  by  »harp  nitae-like  lines.  It  coils  loosely.  This  species  is  aJ- 
tanu  ecruimly  not  ;?pimr1ii»  liut  iiK  generic  relations  are  donbifnl  aii.l 
ior  the  present  we  leave  it  nndcr  S|>irofbis.    Ii  i*  5  mui.  wide. 

h  comes  frmn  near  the  middle  of  the  Lower  Biirlingtrm  liracstoni- 
U  Louitiana,  Mn. 

Amplexus  vermtcularis.  n.  sp. 
Plate  xxviit. 

Fig.  51. — Side  view  showinic  nearly  llie  entire  length,  natural  %iie. 
Fig-  ;'■ — -■Another  view  showing  the  contMoird  cnp,  natural  siic 

This  pnulinr  Iu33ij  lias  llic  <xic(ii<il  dpiiciii<iiii:c  ul  Aiiiplcxiis  Liui 
despite  the  excellent  preservation  of  the  type  specimen,  the  fiepta  are 
not  visible  through  the  epithecal  covering  and  are  to  be  seen  only  on  a 
weathered  spot,  and,  doubtless,  are  merely  raised  lines  along  Ihe  inner 
side  of  the  outer  wall. 

The  external  surface  is  beautifully  ornamented  by  irregular  cross 
ridges  and  crowded  lines  of  growth.  Placenta  are,  doubtless,  present 
but  not  seen  in  the  type  specimen. 

The  example  figured  is  entire,  rather  elongate,  distorted  and  con- 
tracted in  places,  yet  gradually  enlarging  toward  the  front.  Tho 
strangest  feature  of  the  type  specimen  is  its  contracted  calix.  giving 
the  appearance  of  a  second  end  for  attachment  and  no  open  cup. 
The  contraction  begins  about  1-3  of  an  inch  from  the  anterior  end  and 
is  almost  closed  at  the  front.  Were  it  entirely  closed  Ihe  qnesiion 
might  he  asked,  can  this  be  an  opercutate  coral  ?  Other  specimens  ap- 
parently of  the  same  species  bnt  less  robust  and  more  eliingate,  haie 
fine  crowded  sepia  but  hardly  developed  beyond  the  appearance  of 
raised  lines  and  with  placenta  crossing  the  central  open  space  a(  irreg- 
ular intervals  without  curvature.  Thi';  fine  coral  is  from  the  third  di- 
vision of  the  Lower  Burlington  limestone  ai  Louisiana,  Mo. 
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Amplexus  radigerus,  n.  sp. 

Plate  xxviii. 

Fig-  39- — Side  view  of  the  ty^je.  natural  size. 

G^ral  elongate,  differing  little  in  cross  diameter,  except  where  the 
s-tem  makes  rapid  contractions. 

Shape  irregular,  often  abruptly  l)ending  to  the  right  or  left.  Th; 
cup  is  not  clean  in  the  type  specimen,  but  is  apparently  deep  and  th? 
septa  poorly  dc\  eloped,  but  seen  on  the  surface  as  fine  crowded  line:. 
On  the  inner  >ide  of  the  surface  wall  they  are  more  pronounced  than  ir 
A.  I'crmicularis.  Cro>s  lines  of  growth  and  ridges  of  distortion  gird 
the  exterior.  Tabulae  at  irregular  intervals  cross  the  central  area.  A 
few  short  radicular  appendages  occur  along  the  lower  half  of  the  coral. 

Another  Am])lexus.  probably  distinct,  with  little  greater  diameter 
than  this  form,  is  often  found  >evcral  inches  long  and  apparent!}*  in- 
complete, alternately  contracted  and  exixmded,  but  without  radicular 
appendages. 

This  coral  comes  from  the  third  division  of  the  Lower  Bur- 
lington limestone  at  Louisiana,  Mo. 

Coleophyllum?  greeni,  n.  sp. 

Pl.xte  xxviii. 

Fig-  5»^ — 'S>\(\q  view  of  a  nearly  perfect  coral,  natural  size. 
Figs.   54.  55,   56. — Side  \icws  of  other  specimens,   weathered  ir. 
such  a  way  as  to  show  structural  features,  natural  size. 
This  c<>ral  is  elongated,  curved  and  without  septa  (lamellae).     The 
cup  is  >hallow.     The  entire  fo'^sil  is  made  up  of  a  series  of  invaginated 
tabulae,   as   -^een   on   the   weathered   specimens.     The  outer    surface  i" 
comparatively   smooth   e.xcept   near  the  calix   where  the   edges   of  the 
tabulae  remind  one  somewhat  <»f  Cystiphyllum. 

The  specimens  are  from  the  L'p|)er    Chouteau    limestone, 
three  miles  northeast  of  Curryville,  ^lo. 

Aulopora  longi,  n.  sp. 

Pl.xte  .xxviii. 

Fig.  57. — Side  view  of  a  large  stem,  natural  size. 
This  is  a  slender,  elongate  specie.^.     The  tubules  are  ver>*  long  with 
the  oral  portion  rapidly  expanding.     Each  coralite  comes  off  from  the 
.   one  below  ii  in  such  a  way  a^  to  give  a  zigzag  appearance  to  the  stem. 
This  species  is  probably  attached  at  the  base  but  never  along  the  side. 

it  (X'curs  l)ot]i  in  the  Lower  and  the  Upper  Burlingfton  lime- 
stones at  Louisiana.  Some  specimens  are  quite  two  inches  long. 
The  specimen  figured  is  from  the  base  of  the  Upper  Burlington 
limestone.  It  is  a  much  more  delicate  species  than  A,  gracilis. 
We  are  .irlad  to  name  this  coral  for  Mr.  F.  R.  Long",  of  Louisi- 
ana. Mo. 

Aulopora  amplexa,  n.  sp. 

Pi.  \rr.  xwmi. 

I'ig.  58. — \'icw  of  a  col«Miy  surrounding  joints  of  a   Platycrinns 

^tnn.  natural  size. 
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>:  (ir  n_wit  x: 
LofhobUutus  eonoiiif¥s,  t 
tig.  I.     I'ypc  )ip«cimcn.     Side  view  xi. 

Ventral   virw  of  another  s|KYiinea.  9 
aod  ilie  ten  Mtiall,  rutind  spiracles  xj. 
Fig,  y     Side  view  of  a   ^iiecinien.  niort  globn»e  and  with  finer  1 


This  is  a  much  stoatcr  coral  than  either  .1  limgi  or  A.  gracilit  Iiut 
war  to  the  latter,  except  in  its  manner  of  gruwth.  The  colonies  are 
tlwayy  found  surrounding  sicni  joints  of  trrinoids.  especially  Tlaty- 
a'inus  and,  sometimes  ai,  in  the  type  specimen,  between  two  stem 
crints.  putting  ihem  apart  and  surrounding  ibcm.  The  tulniles  an,- 
rather  large,  shori  and  little  expanded  at  the  oniicea. 

Stem  joints  of  Platycrinus  arc  often  found  in  the  Burlington  lim''- 
Btone  with  frnm  lira  to  four  cir  five  eoiiical  hole«  reaching  almo"  or 
Quite  lo  the  cetiter  of  ili«  item  arid  soaidinie^  showing  rcmiiani^  of  a   ■ 
lubnlar  form  filling  cadi  hole-    Is  thii  our  Aulc^iora? 

This  »i)ecies  comes  from  the  base  of  the  I'pP^  Burhiiglon 
litnestonc.  at  Louisiana,  Mo. 


t  the  anal  opening 


Side  view  of  a  brosd'speeinien  apparently  grannlo -striate  xt 

Side  view  of  t  young  specimen,  natural  »i«, 
Lttphobkutms  inapiiialut    Rtmlcy  &  Mare. 
V'cntrsl  view  of  a  upecimen  showing  the  anal  opening  and  tlie 
shorl  slit-like  »piracle!i  xa, 

6  and  7,    Side  and  ventral  views  of  a  specimen  with  a  <imaic 
pentagonal  outline  ai  the  top  of  the  radiaU,  natural  size. 
An  elongate  *pecimen.  side  liew.  ^howitig  ihe  shape  iiml  great 
hight  of  the  anal  hood.     Natural  size. 

LophobUulus  aplalui   Rowley  &  Hare, 
Side  view  dl  a  medium  sized  specimen,  natural  si^e. 

Side  view  of  a  larger  specimen,  showing  ornamentation  ami 
the  hight  and  shape  of  the  anal  hood,  natural  size. 

Ventral  view  of  a  specimen  lo  show  the  anal  opening  and 
elongate  spiracles.  X2. 

Side  view  of  the  lop  of  a  specimen  10  show  the  hood  and 
anal  opening.  x2.  • 

Lophoblastus  rocmcri   Shumard. 

Side  view  of  a  medium  sized  specimen,  shoving  the  coar-ic 
character  of  ornamentation,  natural  size. 

Side  view  of  an  elongate  specimen  with  flat  base,  natural  si/o. 
Lopkoblastus  marginulus,  n.  sp. 

Ventral  view  of  3  plump  specimen,  showing  Ihe  central  open- 
ing closed  by  a  covering  of  small  plates  that  extend  oul  for  a 
short  distance  over  the  ambulacra.    Natural  size. 

Side  view  of  ihe  type  lo  show  the  beautiful  ornamentation, 
broad  base  and  the  expanded  columnar  disk  or  rim.     Natural 
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Carpcntcroblastus  magnihasis    Rowley. 

Fig.  20.     Side  view  of  a  specimen  to  show  the  character  of  ornamcnii- 

tion,  XI. 
Fig.  21.     Basal  view  of  the  same,  natural  size. 
Figs,  22  and  23.     Ventral  and  side  views  of  a  natural  cast  from  chert 

to  show  the  great  thickness  of  the  test    about    the    ambulacra 

and  the  usual  unsymmetrical  character  of  the  species,     Natura! 

size. 
Fig.  29.     Ventral  view  of  a  smaller  specimen,  preserving  the  test  and 

showing  the  spiracles  and  anal  opening,  natural  size. 

Carpcntcroblastus  stclla    Rowley. 

Fig.  24.     Side  view  of  the  type,  showing  .specific  characters,  natural  size 
Fig.  25.     Ventral  view  to  show  the  anal  opening  and  spiracles,  natunil 
size. 

Carpcfitcrohlastus  pcntalobus,  n.  sp. 

Figs.  26  and  27.  Side  and  ventral  views  of  the  type,  natural  size,  (Spec- 
men  somewhat  crushed.) 

Schizoblasius  sayi    Shumard. 

Fig.  15.  Side  view  of  an  undersized  specimen,  pre.serving  the  base  of  a 
little  ventral  tube.     Natural  size.    • 

Fig.  16.  Top  of  the  same  specimen,  enlarged  to  four  diameters,  to  show 
the  plates  in  the  tube. 

iMg.  28.  Ventral  view  of  a  somewhat  larger  specimen,  having  the  cen- 
tral opening  closed  by  a  covering  of  minute  plates,  passing  out 
over  the  ambulacra  for  a  short  distance.     Natural  size. 

Aorocrinus  Zi'achsviuthi,  n.  so. 

h'ig.  ,^8.     Side  view  of  the  type  specimen.     Natural  size. 

Cactocriiius  springe ri    Rowley. 

Fig.  30.     Side  view  of  a  fine  body,  natural  size. 

hig.  31.  .\  specimen  showing  the  heavy  spinose  ventral  tube  and  the 
heavy  nodose  arms,  .xi. 

Figs.  4(;  and  50.  The  column  of  this  crinoid.  end  and  side  views,  nat- 
ural si/e. 

Lcptopora  ramosa,  n.  sn. 

\'\\i,.  3^).     Side  view  of  the  type  <i)ccimen,  natural  size. 

Lcl^tdponi  proccra,  n.  .sp. 

I'^ij^.  37.     Side  view  <>f  the  type  .specimen,  natural  size. 

.  Ixophylluni  f  allcni,  n.  sp. 

\-]ii,.  ^\2.     Sidt'  \  iow  of  tlu-  largest  >pecimen,  natural  size. 

I'iir.  33.     .^anic  with  ilu'  oalix  turiunl  a  little  toward  the  observer. 

I'is.;.  34.      SaiiU',  oalix   \  irw. 

V'ii:.  35.     Side  \  i\\v  of  a  siiiallor  >i)i-oiineii.     All  figures  of  this  species. 

natural   >i/x-. 

.  hiiphwiis  riiJii^criiS.  n.  sp. 
V'-.i:.  .J'j.     Si'lr  \  itu   "f  ilu'  iy[)r  >i»(;cinK-n.  natural  size. 
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Atnfiexut  Vfrtnicidaru,  n,  sf. 

■ 

■  Fig 

51. 

Side  V 

ew.  tiiiunl  Hue,  showing  nearly  the 

entire  3<i.gili 

FiK. 

52. 

Another  view  showing  tbc  conmcicd  cup, 

natural  Mn: 

■ 

ClionOfihyllMm  er^ynrt',  n.  sp. 

■ 

Ftg. 

53- 

Side  view  of  an  unworn  and  nc»rly  entire 

specimen,  na 

^H 

F.gs 

54. 

55.36- 

Side  views  of  worn  sjwcimms.  sliow 

ing  llic  invaginal-             ^H 

fd  tabnis. 

^H 

Aidofora  Innci,  n.  sp 

■ 

F.g 

57- 

Side  % 

ew  of  the  tj-pe  specimen,  natural  si* 
Mulofor,!  amplfia,  n,  sp 

1 

■Fig, 

5». 

A  siiecimen  surrounding  a  pUtycrmu$  stem 

oint.  natural 

^" 

SfirorbUf  dttimtt,  n.  ^^p. 

Fig> 

50 

and  to. 

Two  vie«»  o(  tliis  peculiar  fos«i!,  natural  siie 

CynoHlei  bmntui.  n.  sp 

^ 

Figs 

t-i 

and  fc2 

Front  and  side  views  of  ilir  type 
Trigrrio  f  rurriei,  n.  sp. 

spwimen,  na 

^H 

Fig. 

40 

41. -U. 

Itracbiat.  pedicel,  and  front  views  o 

;i  large  specimen               ^H 

Dielasmo  f  frtUfnlis.  n.  sp. 

■ 

FJg<i 

43 

4*45- 

Dnicliial.  pe<UccI  And  front  views,  x 

'■ 

1 

Fitrs  4fi 

4?.  4R 

Fciiicel.  bradiiiil  and  front  virv/-,. 

natural   Mir. 

V 

QJ<E 


FORMATION  ON  THE  HYPOTHESIS  OF  CON- 
CENTRATION THROUGH   SURFACE 
DECOMPOSITION. 


In  seeking  a  suitable  explanation  for  tHe  localization  of  ore 
materials  from  aii  assumed  generally  diffused  condition  in  the 
countrj-  rock,  a  number  of  recent  writers  have  leaned  towariis 
the  idea  that  through  the  surface  decomposition  and  degrada- 
tion of  the  land  the  heavy  materials  in  large  part  remain  behind 
ami  tend  to  concentrate  into  ore  deposits,  the  extent  of  which 
in  any  particular  instance  is  to  be  regarded  in  a  measure  pro- 
portional to  the  amount  of  general  erosion  which  that  region 
has  undei^one. 

This  hypothesis  has  received  special  attention  in  the  consid- 
eration of  the  lead  and  zinc  deposits  of  the  Mississippi  valley. 
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Its  application,  however,  has  not  been  confined  to  this  region. 
It  has  been  extended  to  other  mining  districts,  even  iho^t  in 
which  typical  fissure  veins  abound. 

Since  the  most  advanced  conceptions  regarding"  the  nature 
of  erosion  have  joined  such  XN-ide  hold  among  geolog;ists,  urc 
students  have  seized  with  avidity  upon  some  of  these  principles 
as  furnishing  a  long  sought  for  solution  to  the  manner  of  mam- 
concentrations  of  ore  Inxlies.  The  attractive  features  of  the 
hyix>thesis  are  many.  But  objections  have  not  been  so  obvious, 
and  have  not  generally  presented  themselves.  These  last  men- 
tioned phases  of  the  subject  have  entirely  escaped  the  notice  of 
mining  engineers  and  special  students  of  ores  from  the  mining 
side.  To  geologists  who  have  given  geographic  development 
s[X"cial  attention,  the  objections  appear  formidable,  and  in 
many  instances  unsurmountable. 

W'inslow*  formally  states  the  hypothesis  when  he  says  that 
it  "starts  with  the  proposition  that  the  metaUiferous  minerals 
originally  existed  in  the  Archean  rocks,  either  in  a  dissenn'nat- 
ed  condition  or  in  veins.     With  the  decav  of  these  early  rocks. 
the  minerals  became  diffused  through  later- formed  sedinieiit.s 
this  dififusioij  iK'ing  (juite  unifonn  over  contiguous  areas.     Suc- 
cessive decaying  of  successively  formed  rocks  simply  resulted 
in  a  transfer  of  these  minerals."     Accordingly,  the  concentra- 
tion i)r()cess  was  entirely  subsequent  to  the  period  of  rock  for- 
mation.    "It  is,  ])rimarily,  a  result  of  great  and  long-continual 
surface  decav  of  the  rocks:  and.  secondarilv,  the  result  of  the 
presence  of  local  favorable  physical^ and  chemical  conditions." 

This  general  statement  ])resents  numerous  slight  modifica- 
tions with  different  writers.  Its  advocates  agree  that  the  dif- 
fused ore-materials  are,  as  degradation  of  the  land  goes  on, 
carried  downward  to  lower  and  lower  levels,  the  metal-accti- 
nuilating  zone  retaining  always  a  constant  relation  to  the 
ground  surface.  I'roni  this  pr()j)osition  two  main  phases  pro- 
ceed. (  )ne  would  retain  the  ore  materials  in  a  diflFusetl  condi- 
tion :  the  (»tlRT  in  a  concentrated  form,  or  as  an  enrichment  of 
the  lower  zones. 

i'lie  principles  of  gc^)logic  geography  demonstrate  beyond 
all  cjouht  that  lands  elevated  are  worn  down  to  near  sea-level 
with  far  gr<ater  raj^idity  than    has    lx?en    generally    supposed. 

*  Missouri  <'.c<yl.  Sur..  vol.  vii,  p.  477,  IS*)^. 
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The  fact  that  in  many  locahties  enormous  denudation  has  taken 
place  in  the  past,  has  been  for  a  longf  time  widely  rcco^iized. 
But  that  profound  erosion,  thousands  of  feet  in  depth,  may 
easily  take  place  in  a  single  geological  epoch  or  period,  instead 
of  during  one  or  several  long  geological  eras  is  a  proposition 
which  has  not  been  so  universally  appreciated. 

If  we  apply  to  any  particular  locality  either  phase  of  the 
hypothesis  that  generally  diffused  ore  materials  arc  concentrat- 
ed through  surface  decomposition  of  the  country  rcxrks,  we 
should  expect  to  readily  find  abundant  facts  in  substantiation. 
Either  the  ore  materials  of  a  region  should  give  evidence  of 
unusual  original  accumulation  through  the  phenomena  of  kx^al 
sedimentation;  or  the  concentration  should  be  al)out  propor- 
tional to  the  amount  of  erosion. 

With  regard  to  the  first  of  these  propositions,  students  of 
ores  are  now  pretty  well  in  agreement  that  such  factors  as 
oceanic  currents  can  no  longer  be  considered  as  appreciable  fac- 
tors directly  affecting  the  localization  of  ore  deposition  through 
solution.  Besides,  there  are  so  many  secondary  factors  enter- 
ing into  the  problem,  that  even  if  the  truth  of  the  proposition 
be  assumed,  it  would  be  utterly  impossible  to  adduce  proofs, 
so  completely  would  they  be  obscured  by  attendant  features.  In 
the  light  of  recent  geographic  and  geologic  research,  all  theo- 
retical deductions  appear  to  militate  against  the  ix)ssibility  of 
such  conditions. 

The  second  proposition  presents  some  objections  not  met 
with  in  the  first.  The  theoretical  deductions  are  conclusive.  The 
practical  demonstrations  present  no  very  great  difficulties.  In 
the  case  of  the  Ozark  region,  of  which  a  si)ecial  example  has 
l>een  made,  the  facts  are  singularly  against  the  hypothesis  ad- 
vanced. 

The  analvses  made  bv  Robertson*  of  Missouri  rocks,  show 
the  presence  of  lead,  zinc  and  copper  in  minute  c|uantities. 
While  the  number  of  detenninations  made  is  far  too  small  to 
enable  any  broad  generalizations  to  be  stated,  it  is  significant 
that  those  rocks  taken  from  the  mining  localities  contain  a  vcr\- 
much  higher  percentage  of  metallic  contents  than  those  colled - 
e<l  from  localities  remote  from  ore  bodies.  The  inference  would 
naturally  be  that  the  present  difference  in  the  amounts  of  the 


•  MisMOoH  Oeol.  Sar.,  vol.  vii.  p.  479,  1894. 
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metals  in  these  rcxrks  is  due  larj^^ely  to  the  same  concentraikfl 
which  profluced  tlie  existing  ore  Ixxhes. 

The  analyses  mentioned  were  made  for  the  express  purp«»?c 
of  sui)plying  evidence  to  the  theory  of  the  g^eneral  diffusion  *>x 
metals  in  rock  masses.  Winslow's  hypothesis*  is  that  in  the 
Ozark  region  the  r(Kks  have  suffered  enormous  denudation, 
and  consequently  the  metallic  substances  that  were  diffuse.^ 
through  the  jwrtion  ercKled  have  settled  down,  and  have  been 
redei)osited  in  the  constantly  lowering  zone  at  or  near  the 
ground  surface. 

Curiously  enough  for  this  hypothesis,  alongf  the  sununit  of 
the  Ozark  dome,  where  decomposition  and  denudation  hzw 
been  greatest  ( by  some  4,000  feet  or  more  than  at  the  margins  i 
there  are  practically  no  ore  Ixxlies  of  consetjuence.  The  rich- 
est and  most  extensive  deposits  are  at  the  very  base  of  the  up- 
lift, in  a  district  which  has  not  only  suffered  a  minimum  aniounl 
of  denudation,  but  which  has  not  been  removed  more  than  tlie 
northern  i)art  of  the  state  of  Missouri,  where  no  de}x>sits  what- 
ever occur. 

In  a  very  localized  form  the  same   hypothesis    is    claimeil 
to  be  applicable  to  true  fissure  veins.     This  phase  of  the  subject 
has  l)een  lately  emi)hasized  by  Weedt  in  the  consideration  of 
the  gold  and  silver  (le|x>sits  of  Montana.   This  author  alsocar.- 
s|xTial  attention  to  the  ore  bodies  of  the  Australian  Broken  Hiil 
Consol  mine  of  Xew  South  Wales,  as  described  bv  Smith.J  anrl 
to  the  AsjKMi  district  of  Colorado,  described  by  Spurr.  §    He 
says:  "Active  degradation  favors  the  accumulation  of  enrich- 
nu-nts,  while  j)rolonge(l  degradation  of  a  region,  resulting  iwm 
l)liysiograi)hic  revolutions,  may  result  in  successive  migratiwis 
of  material  and  the  accumulation  in  a  relativelv  shallow  zone 
of  tlu-  metals  derived  from  many  hundreds,  and  possibly  thou- 
sands,  of    feet   of    the    vein    worn   away   in    the   degradation 
of  the  lancl.     Climatic  conditions,  rainfall  or  ariditv,  wamith 
and  rai)i(l  alteration  of  vein  fracture  are  agents  affecting  sur- 
face wcatluTin*^^.  and  hence,  also,  enrichment. 

**.\clive  degradation  of  a  region,  that  is,  rapid  weatheriiiti. 
favoi>  enriclmient  by  the  cjuickness  with  which  it  removes  the 
upper  already  leaelied  i)art  of  the  vein,  so  that  a  large  anioun* 

Mis->niirl  (Ict'l.  Snr.,  vol.  vii,  j).  4-C>l».  lftl»4. 
:   Tr:in-.  Anicrh  :iii  //;><.  Miii.  ICnj^.,  vol.  xxx,  1900. 
.    Tr.iii^    Annricnn  /fj>r.  Min.  lin/^.,  vol.  xxvii  p.  69,  1896. 
J  r.  N.  f>.»/.  Surv..  Moil.  \x\i,  is^is. 
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of  the  vao  nanrr  u  KxTviatMl  in  &  given  time  tiam  wnald  rr- 
salt  incs  slowrr  wasm%  of  tbc  land.  Sach  mnchmods  an 
■  savfunsd  tn'  hi^h  abiradci.  Mainover,  the  mncmCTinota  re- 
gions arc  thov  tn  which  veoondarr  {nuHirvf  arc  nios  ^x  10 
be  lonntL" 

BbkcV  fitiKTratJon^'  on  ihr  lonnatian  of  the  leafl  and  zinc 
<ic|Ktsit£  of  tbc  AN'tsantoD  district  have  an  inqion  similar  to , 

t  «'  \Mnilow'>  far  >{isaiiuri. 

Of  bice  snegcstioo  if  M'tnchcH'E  Tirwi  regardine  the  Wi»- 
ccMistti  low!  deposits  and  the  Mitine»Oi  irm  orc^.  Tfats  an- 
Ibor  irgards  die  Creiaccom  etma  a«  having  ncimded  onr  the 
vbolr  01  d]r  npper  Mississippi  mllet  rcg^inn  and  in  their  ir- 
SMn-al  U>  have  alLjwrd  the  ore  materials  to  Indge  iti  the  purotUi 
vod  £ashed  Silttriac  mckf  hencath. 

TbcMT  special  exampl»  have  heen  noted  in  ihtK  connection 
ior  Ifac  reason  that  in  all  thert  t«  the  same  efton  u>  »edc  an 
adeqtalc  and  itinci  marcc  far  the  ore  bodies.  All  start  with 
die  assumptiui  thai  the  prcKni  tir>e  bodies  were  derived  inn 
the  ore  malerialE  that  led  wttled  downward  ar  the  gnax  rock 
masses  ibovt  were  reuiot^d  through  croskm.  In  odicr  words, 
tiie  existing  ore  hodieM  of  the  r^on  nientinaed  are  dain>cd  ic 
be  deposits  the  furnxsticni  of  which  has  dqxnded  wholly  tn 
tngefy  ^9""  Ae  chk^u  instHnc  i.iaili  iit  at  ne  uuuiil  1  y  mac 
once  existing  abo|ve  flie  present  grotmd  surface  of  die  respec- 
tive districts. 

In  none  of  &cse  cases  is  it  believed  that  the  conciu^iml^ 
reafdied  regarding  the  local  source  of  the  ore  niaimab  are 
either  warranted  b>'  the  arguments  adduced,  the  facts  a.^  thev 
are  pr«ented  in  the  field,  or  the  general  geological  conditions 
known  to  be  prevalent  in  ore-producing  regions. 

In  the  case  of  the  Ozark  region,  we  liave  unusualh-  com- 
plete data  regarding  the  geological  times  of  rapid  erosion  and 
the  periods  of  peneplanation,  TTiere  is  abundant  evidence 
showing  that  immediatelv  after  the  deposition  01  the  l-ower 
Carboniferotis  rocks — Hit  countri-  rock  of  the  southwesi  Mis- 
souri zinc  district — the  Ozark  region  was  not  the  higiiland  ii 
now  is.  Between  tiie  time  when  the  last  Lower  Carhoniicrous 
limestones  were  deposited  and  that  when  the  first  Coal  Meas- 
ures of  MiBsonri  were  laid  down,  ibe  strata  wcrt  tilted  and  sr 

•  r»»in    iMIililiB  Iinr   Mia.  Bag..  Tol.  iiii.  p.  ezx.  ]H»i. 
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profoundly  eroded  as  to  expose  all  formations  down  to  the 
Cambrian ;  while  in  the  south,  in  Arkansas,  where  sedimentation 
went  on  uninterruptedly,  strata  to  a  thickness  of  20,000  feet  ac- 
cumulated. Along  the  horizon  of  this  peneplain  there  is  no 
evidence  of  notable  deposits  of  ores  of  any  kind. 

Beds  belonging  to  the  upper  part  of  the  Coal  Measures 
are  now  known  to  occur  on  the  highest  parts  of  the  preseni 
Ozark  <lome.  Small  doubt  therefore  exists  as  to  the  extension 
of  the  Coal  Measures  (Des  Moines  and  Missouri  series)  en- 
tirely over  the  region  occupied  by  the  great  uplift.  This  is 
also,  according  to  our  best  knowledge  on  the  subject,  probably 
true  of  the  Cretaceous  strata.  Before,  however,  the  deposits 
of  the  latter  were  formed  another  long  period  of  erosion  inter- 
vened. Yet  in  the  known  remnants  of  the  peneplain  which 
was  formed  at  that  time  no  signs  of  the  existence  of  ore  bodies 
are  found. 

Again,  when  the  Ozark  region  was  bowed  up  and  planed 
off  in  Tertiary  time  down  to  the  pre-Cambrian  basement,  no 
indications  are  presente<l  that  the  peneplain  which  is  the  pres- 
ent general  upland  surface  of  the  dome,  is  a  horizon  that  is  a 
special  ore-l^aring  level.  As  already  stated,  it  is  in  the  central 
part  where  degradation  lias  been  greatest  that  ore  deposition 
lias  l)ecn  least. 

We  arc  forced  to  the  conclusion,  at  least  so  far  as  the 
Ozark  region  is  concerned,  that  degradation  and  surface  de- 
composition even  though  so  profound  as  to  remove  thousands 
of  feet  of  rock,  clo  not  tend  to  concentrate  whatever  diffusol 
metallic  content  the  strata  may  contain.  While  profound  sur- 
face (lecom])osition  is  an  imj)ortant  factor  in  the  formation  nt 
ore  (le])(\sits.  by  itself  it  pnxluces  no  effect  in  this  directi«.)n. 
There  nnist  also  he  special  geological  structures  and  special 
t^^eological  conditions  always  i)resent  before  the  localization  of 
ore  material  is  possible. 

Without  attempting  to  discuss  or  furnish  detailed  evidence 
nt  this  time,  it  may  he  in  this  connection  granted  that  nio>t 
rocks  actually  (Id  at  all  time  contain  in  a  diffused  con<lition 
am])K.'  NUi>plies  «>f  must  cnnim(»n  metals  to  furnish  materials  i'>r 
the  richest  ••t  ore  (lei)osiis.  that  subterranean  waters  are  con- 
stantly transferrinj^  laterally  from  one  point  to  another  metalli'.' 
.snl)<Uinee>  alMii«jf  with  inan\  ntliers  which  are  not  ore-fonnin^^ 
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Uid  that  the  leached  substances  from  near  the  ground  siirfat-e 
are  being  carried  through  faults,  joints  and  cracks  downward 
lower  levels.  In  addition  to  all  tills  there  must  be  special 
Jocal  geological  conditions  to  be  satisfied  before  ore  bodies 
can  begin  to  form. 

There  is  a  parallel  example  in  the  case  of  petroleum.  Next 
:o  water,  we  now  know  tliat  rock-oil  is  perhaps  the  most  abun'l- 
ani  substance  circulating  in  the  earth's  crust.  The  VVaterlimc 
formation  of  Ohio  and  certain  dolomytes  of  the  Mississippi 
valley  contain  in  each  500  feet  of  thickness  upwards  of  2,500,* 
'Doo  liarrels  of  oil  to  the  square  mile.  The  oil  contained  in  onl\ 
ihrcc  townships  would  thus  be  more  than  the  total  amount 
which  has  up  to  the  present  time  been  taken  out  of  Pennsylva- 
fiia  and  New  York  fields.  In  order  to  have  an  area  econom- 
ically pnxluctivc  a  peculiar  association  of  geological  structures 
and  conditions  must  exist.  There  must  be  a  rescr\oir  in  the 
form  of  a  jwroiis  or  cavernous  bed,  a  non-porous  cover  as  af- 
forded by  a  shale  stratum,  and  a  bowing  up  of  the  strata  such 
as  is  presented  by  an  anticline.  The  absence  of  anv  one  of  these 
precludes  ibe  accumulation  of  oil  bodies.  So  in  connection 
with  the  ores  the  conditions  and  (structures  may  all  be  present 
I  but  one  and  yet  there  will  be  a  failure  of  ore  bodies, 
I  Tn  the  more  special  case,  in  which  a  concentration  has  al- 

r  read>'  wft!  progressed,  as  jiresenled  hy  a  mineral  vein  nr  a 
lean  ore  vein,  where  enrichment  has  taken  place  below  the 
zone  of  weathering  through  downward  flowing  currents,  it 
does  not  appear  probable  that  the  ores  from  the  upper  part  of 
a  vein  can  be  considered  as  furnishing  the  enriching  material:^ 
for  the  lower  portion.  As  openings,  fissures  of  any  kind  are 
at  best  very  ephemeral  in  character.  In  no  instance  can  they 
be  regarded  as  forming  open  water  passages  for  any  consider- 
able period  of  time.  They  must  be  completely  closed  up  lonj^ 
before  surface  degradation  has  advanced  to  any  appreciable 
extent. 

New  fissures  may  open  up  in  the  rock,  new  fault  move- 
ments may  take  place,  new  cracks  may  be  fonncd.  through 
which  metalliferous  solutions  may  find  access  to  the  old  mineral 
vein  or  lean  ore  sheet,  but  only  in  exceptional  cases  would  m;i- 
terial  from  the  upper  part  of  a  vein  find  lotlgcmcnt  lower  down 
in  the  same  vein.     The  waters  affecting  the  surface  of  .in  ofe 
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>bci:L   U'luM   •>piinarily   earn-   thtr   decomposeti    macerals  tr 
fri»m  the  neight^»rh«.»<j*J. 

The  general  metallic  cjntent  carried  by  circulating  \\jXv\ 
W'.uld  doubtless  accomplish  the  same  result  of  seconiiarj  e!> 
richmcnt  «>f  lean  veins,  hut  it  would  certainly  be  thn^u^.  .'Jy 
^•[Jcnin^^  than  that  in  which  the  original  vein  was  formetl 

In  the  particular  examples  cited  by  Weed*  of  the  MiaT/* 
^  iib>«>n  and  Smu.qrjLrler  ^»re  Nvlies  and  Ixjnanzas,  the  enrichni«Kni 
are  alonjj  the  lino  •■)t  secomlary  faulting"  and  the  altcrat:'"'n5  at 
onlv  in  the  imme<!iate  vicinitv  of  these  later  fractures.  Manv 
other  >imilar  exanij>les  might  be  mentioned. 

The  imnudiate  practical  importance  of  the  distinciiiW  i> 
jx-rhaps  not  so  irreat  at  the  present  time  as  is  the  fact  that  d\- 
plau''if»ility  of  the  hyp^^nhesis  at  first  glance  being"  5«:>  ed'icn: 
is  likely  to  lead  often  to  untmstworthy  conclusions. 

The  conclusi*  »n  seems  inevitable  that  with  the  exception  o! 
y^ossihly  a  few  is*  »laied  imimportant  instances  ore  conceniraiiiin 
does  not  generally  take  place  through  surface  decompf.»siti«:fl 
of  pick  masses,  in  areas  such  as  the  Ozark  lead  and  zinc  re- 
gion.    As  in  the  ca>e  of  petroleum,  if  it  be  assumed  that  all 
nx"ks  at  all  tinie>  cnntain  ami)le  supplies  of  metallic  salts  in  a 
diliuse<l   c«»nditinn   sufficient   for  the  most  extensive  ore  de- 
p<;»sit'i.  an<l  that  the  circulatory  waters  hold  them  at  all  times  t 
solution  to  a  *;;reaitr  «>r  less  hut  adequate  extent,  these  ina«'. 
Ik-  rej^Mnled  ireiural.  always  present  conditions.      But  concen- 
tration 'if  metallic  <a!t>  into  ore  Ixxlies  must  be  admitted  to  Ik 
acoi!iij)lishe<l  under  special  I'X'al  conditions  of  geological  struc- 
ture, quite   inde])tii(UMn   of  all   nx'k  decomposition   an«l  lan-l 
'lrt:ra<l.'ition. 

•  Tr:ins.  Aiinricin  In^t.  Min    titif;,.  vol.  Xx.t,  lOOO. 
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CX^CERNING    THE    OCCURRENCE  OF  GOLD  AND 
(T    SOME  OTHER  MINERAL  PRODUCTS  IN  IOWA/ 

By  Samuel  Calvin,  Iowa  Citj,  Iowa. 

It  is  a  source  of  constant  wonder  and  surprise  that,  not- 
withstanding all  that  has  been  said  and  written,  there  are  yet 
persons  of  influence,  intelligent  beyond  the  average  in  all  other 
respects,  who  entertain   the  crudest  conceivable  notions  con- 
cerning the  facts  of  geologj-  and  the  distribution  of  mineral 
resources.     The  highest  natural  gifts  and  the  broadest  schol- 
arly training  and  business  experience  seem  to  be  altogether 
ineffectual,  in  the  absence  of  some  training  in   the  principles 
of  geolog}',  to  protect  men  from  the  most  amazing  fallacies 
as  to  what  may  or  may  not  be  found  below  the  surface  of  the 
ground.     Samples  of  yellow  mica  from  decayed  Kansan  bowl- 
ders, or  iron  pyrites  from  shales  or  limestones,  are  received  al- 
most weekly  from  persons  who  imagine  they  have  discovered 
gold  in  Iowa.     Small  flakes  of  brass  worn  from  the  working 
parts  of  pumps  or  other  farm  machinery,  are  among  the  causes 
which  have  led  to  repeated  reports  of  discoveries  of  gold  in  a 
region  where  not  a  single  condition  favorable  to  the  presence 
of  the  precious  metal  exists.     Probably  the  most  wild  and  un- 
justifiable of  all   the  crude  beliefs  respecting  geological   re- 
sources is  that  which  holds  to  the  conviction   that  by  ^^oing 
deep  enough  the  drill  is  sure  to  find  something  of  value,  no 
inatter  at  what  point  the  work  of  boring  is  commenced.    There 
are  numerous  wise  persons  in  every  community,  estimable,  in- 
fluential and  in  the  highest  degree  public  spirited,  who  arc  con- 
vinced that  the  question,  tor  example,  of  finding  coal  in  their 
special  locality  is  simply  a  matter  of  the  depth  to  which  the  ex- 
plorations are  carried.     Rock  oil  and  natural  gas  are  rccoor- 
nized  as  desirable  products   in   every    progressive   community, 
and  every  such  community  contains  persons,  in  other  resiK'cts 
intelligent,  who  are  ready  to  stake  their  own  fortune  anrl  that 
of  their  nearest  friends  on  the  belief  that  oil  and  gas  arc  every- 
where underneath  the  surface,  and  that  their  sources  can   oe 
tapped  with  the  drill,  provided  (nily  there  is  sufficient  capital  to 
keep  up  the  process  of  drilling  long  euougli. 

•Advance   sheets   from  the  Reports  of  the  Town  (»eol<>j;ical  Survey,  Vcl.  XI, 
pp.  17-27. 
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But  is  there  no  gold  in  Iowa  ?  Men  certainly  have  i'duk 
some.  Coal  (xrciirs  in  certain  localities  in  the  state,  why  ar? 
the  chances  not  ecjually  good  for*  finding-  it  in  all  other  local- 
ites  ?  Why  is  it  not  a  good  husiness  venture  in  Iowa  10  ex- 
plore the  depths  of  the  earth  for  gas  and  oil,  when  foniine> 
are  made  and  cities  are  boomed  hv  tht  discoverv'  of  these  d^ 
sirable  products  in  other  states?  Why  is  it  not  a  proper  func- 
tion of  the  Cleological  Survey  to  bore  test  holes  in  differerit 
l(x*alities  in  order  to  settle  the  question  of  the  presence  of  oil  and 
ga^  beneath  the  surface?  To  answer  these  questions  fully 
would  require  much  space  and  would  involve  a  discussion  of 
some  of  the  most  elementary  principles  of  g^eolog^'.  Let  m? 
try  as  briefly  as  possible  to  present  the  facts  necessary  to  an  un- 
derstanding of  these  subjects  for  the  benefit  of  the  non-geolog: 
ical  reader. 

Xative  gold,  metallic  gold,  free  gold — by  whatever  nanie  it 
may  be  designated — occurs  chiefly  under  two  conditions.   First, 
it  is  found  in  veins  in  the  crystalline   nxrks.      Such    rocks  are 
generally  very  old :  they  are  fundamental :  they  occur  at  the 
surface  in  a  broad  belt  around  Hudson  l>av — none  of  the  new- 
er  or  later  fonned   rocks  being  present   in   that    localitv — and 
they  extend  down  into  northern  Michigan,  northern  Wisconsin 
and  northern  Alinnesota.     They  have  lx»en  forced  up  near  i\it 
surface  and  have  been  subsequently  exposed  by  erosion  in  all 
mountain  regions.     As  a  rule,  it  is  in  mountain  regions  that 
gold  is  associated  with  them,  for  it  is  here  that  they  have  been 
fissured  by  the  strains  and  movements  which  gave  rise  to  the 
mountains.     \'arious  minerals  have  been  concentrated  in  the 
fissures  by  circulating  waters — the  waters  being  more  efficient 
if  warm  and  alkaline — and  among  the  minerals  so  concentrate-i 
wr  sometimes  find  gold.     Gold-lx^aring  veins  in  the  crystalline 
rocks  are  the  basis  of  all  the  lode  mining;  but  it  must  be  kept 
in  mind  that  only  a  very  small  proix>rtion  of  all  the  veins  n*- 
I'erred  to  carry  gold.      \(>w  there  are  no  true  crystalline  rock> 
anywliere  near  tlie  surface  in  Iowa.       All  such  rocks  here  arc 
dee]»ly  covered  with  newer  nvks  o\  sedimentary  origin.   Thest' 
-ediiiKMiis  were  laid  down,  one  on  the  other,  in  slow  and  onkT- 
ly  >ih^:ession.  oii  aneieiit  sea  l>ottoms,  in  j)recisely  the  same  \va>. 
an<l  "  «f  preeiselx  llie  sanie  materials  as  the  beds  of  mud  and  san<l 
ail'"!  limy  ooze  whieli  are  to-day  accumulating  on  the  marginal 
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tottoms  of  the  inodorn  seas.  Sucli  rocks  contain  no  gold -tear- 
ing veins,  and  hence  it  must  be  obvious  that  there  can  be  no 
Icxle  mining  for  gold  in  Iowa.  In  the  second  place,  free  gtjld 
occurs  in  placer  mines.  Placer  mmes  are  simply  sheets  of  dis- 
integrated rock  material  which  has  been  strewn  over  the  sur- 
face, usually  along  river  valleys,  by  the  action  of  flow-ing  water. 
The  rocks  of  mountains  decay  and  are  worn  away  by  air,  storm 
waters,  frosts  and  other  agents ;  the  gold-ljearing  veins,  if  there 
are  any,  decay  with  the  rest ;  tlie  gold  is  freed  from  the  matrix 
in  which  it  was  embedded,  and  the  loose  materials,  gold  and  all. 
arc  gradually  washed  down  to  lower  levels.  The  placer  miner 
simply  separates — ^by  some  convenient  device — the  gold  from 
the  loose  clay  and  sand  and  gravel  with  which  it  is  accidentally 
associated.  It  must  again  be  obvious  that,  except  in  regions 
where  there  are  gold-bearing  veins,  there  can  be  no  placer 
mines  worth  considering.  From  all  this  it  will  be  easy  for  any- 
one to  estimate  the  probability  of  finding  gold  in  such  a  state  as 
Iowa. 

In  apparent  contradiction  of  all  that  lias  just  been  said  it 
must  be  acknowledged  that  gold  is  occasionally  washed  out  of 
the  sand  hanks  and  river  gravels  within  the  limits  of  our  state. 
Spread  over  tiie  sedimentary  rocks  and  forming  our  soils  and 
subsoils,  are  sheets  of  drift  which  were  transported  and  dis- 
tributed by  glaciers  coming  from  the  north.  Some  of  the  ma- 
terials forming  the  drift  at  any  given  point  were  carried  long 
distances,  from  away  beyond  the  national  boundary.  In  north- 
ern Minnesota  and  on  the  other  side  of  the  boundary  line,  m 
the  Rainy  Lake  region,  are  quartz  lodes  carrying  free  gold. 
The  ice  ^eets  brought  disintegrated  materials  from  this  r^on. 
as  they  did  from  all  others  over  which  they  passed,  and  spread 
them  out  as  part  of  the  drift  of  Iowa.  Some  particles  of  gold 
came  with  the  rest,  and  it  is  possible  occasionally  to  discover 
some  of  them  by  panning  carefully  the  loose  surface  materials. 
A  resolute,  industrious  man,  working  persistently  year  by  year, 
might  possibly  accumulate  one  or  two  dollars'  worth  in  the 
course  of  a  lifetime ;  but  the  business  cannot  be  recommended 
as  a  profitable  means  of  employing  one's  time.  The  resident 
of  Iowa  who  imagines  he  has  discovered  a  gold  mine  on  his 
home  farm  is  certainly  basing  his  judgment  on  deceptive  ap- 
pearances of  some  kind. 
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':  '.-  "niirr-'ir..:  -:-.t-  •i:::ar:i;n  :n  r«^pcct  Dj  coal  a  fe-x 
:"•:-•  "j'P:  leer.-':  :".  r.-.in-l       ?:r-ir,  a.i  -^Ter}-  rriner  icn» :•«■=?.  trie  •:■.=. 
. -.  : r. 'r:r V •;:■-::    ^ : - r.  ^ . ^i : : rr.en :ar^ -  r->: ic - .  us rTal-'r  ailL  ^lan r,s: - rjc^ 
\rA   -ha!^..     .-•rr  r.«:.  -,.^!:r".erirar-  rx'k?  ^rere  laid  o:wt-i,  .c- 
',r:  •>.':  '*!v-r.    ■'-■■:  rifrr-r  ihr^  jcher.  in  ^lo^^  'ucces^i-i-fi :  an»i  ?•:  "ri^ 
>.>»'-.r    .:'  rv.A'   ier.O'sirion  in  I-vwa  embraces  a  ver^-  loc^  piir-jx 
',:  ':r.v.     7/.:^.  !::.=r.-,r/  ;s  aln-:0*i:  complete  from  a  perioi  earlier 
•:han  'hr:  :::-r-:':j.'.r.:or.  of  !:fe  on  the  .i?I'jf)e  :o  rime^  Tehcn  Ian*! 
'/antr  an-i  animal-    -vere   -veH    'ieve!«xiefL       Tb:r-L    c:«l    ^rai 
Z'trrr.r'-A  ir-'.rr.  Ian- 1  plants  -of  certain  types,  the  planL?  bein;r  pre- 
-fzr':'/\  -o  hr.  'o  V:  tran-iformeri  into  coal  -^nlv  t:n«ier  ::-^:cnIijr 
an «■!  fa vorin :r  ■ : ■'. vA i t :  ^n ^ .     Fou n h .  Cjal  plant?  'iid  not  c:cr.c  :n- 
•o  ':viTr---n<-:  "inti:  ionc^  after  the  hejzinning:  of  the  reo>rd  pr>f- 
'♦rr-/':'!  :n  "'.if:  ^^^*- T\rj^\r.2,\  T-trata  -'f  I«»\va.        The  "jMer  rxk-i. 
•hrprfor*-.  -'an  -on tain  no  ■:■■.«!.  ^jecau^c  they  vrere  Laid  d-r-^iTi 
!'/ncr  oefore  any  coal  plant.-  grew.     All  the  rocks  m«iica:e«i  '^t 
'.It:  c^^-olocfical  map.  Plate  11.  in  \"oIume  X,  as  .\Igocikian.  Cam- 
brian, Ord'A'ician.  Silurian,  Devonian,  and  Missis 5:p»p:an.  are 
oMer  than  anv  coa!.     The  coal  of  Iowa  occurs  chieriv  in  the 
f>:s  Moinr-  formation :  a  little  is  found  in  the  Miss-i-urian.     h 
\v2L7i  -.vhilr  thtst:  two  formation?  were  in  process  of  acctimula- 
tif^n,  not  f>^f''irc,  that  coal  plants  of  sufBciently  luxuriant  growih 
to  count  \*>T  anvrhinc:  existed  in  Iowa:  and  though  these  plants 
\\'*:Tf'.  abun^ianr.  it  was  onlv  in  certain  favored  and  comparative- 
ly limit^-d  :'>'alitic>  that   the   prcser\'ation   of  the   plants   took 
place  >o  a-  -jj  form  c^>al.     The  geological  formations  of  Iowa 
lie  one  on  the  other  somewhat  like  the  shingles  on  a  roof,  ex- 
cept tliat  :li<;  ohlest  and  first  laid  formations  extend  underneath 
the  re-i  ail  the  way  across  the  state.     The  older  formations  ap- 
pear successively  from  beneath  the  latter  in  going  from  the 
southwest  toward  the  northeast.      The   Cambrian    sandstones 
that  are  founrl  in  the  sides  of  the  valleys  near  Lansing,  lie  far 
below  the  surface  at  Des  Moines.     A  well  bored  at  Des  Moines 
would  [*ass,  in  the  reverse  order  of  their  formation,  through 
all  the  older  beds,  and  would  finallv  reach  the  Cambrian  at  a 
dfpth  of  about  i,6r)o  feet.   .\ll  these  older  beds,  and  all  the  indi- 
virhial  la\(Ts  of  them,  are  seen  in  order,  one  after  the  other,  be- 
tween  r)es  Moines  and  Lansing;  and  so  a  drill  hole  at  Des 
Moines  ronld  reveal  nothing  of  consequence  that  might  not  be 
learner]  by  careful  investigation  of  the  natural  surface  expos- 
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ures  in  the  region  between  Des  Moines  and  the  northeast  cor- 
ner of  the  state.*  Explorations  for  coal  in  the  ]Mississippian, 
Devonian,  Silurian,  or  older  systems  of  rocks  are  foredoomed 
to  failure  for  the  simple  reason  that  these  rocks  were  all  com- 
pleted before  a  single  workable  coal  seam  was  deposited,  some 
of  them  before  a  single  coal  plant,  or  any  terrestrial  forms  of 
vegetation  from  which  coal  might  be  formed,  had  come  into 
existence.  These  formations  all  lie  geologically  below  the 
coal.  If  one  could  begin  in  the  Mississippian  or  lower  forma- 
tions underneath  Des  Moines  or  in  that  vicinity,  and  bore  up- 
wards he  might  have  sc»ne  chance  of  striking  coal.  But  boring 
downwards  in  any  of  the  formations  referred  to,  whether  un- 
der Des  Moines  or  at  points  where  the  older  beds  come  to  the 
surface  in  the  eastern  part  of  the  state,  is  going  in  the  wrong 
direction;  and  the  farther  the  boring  is  carried,. the  more  hope- 
less becomes  the  search^  There  is  positively  no  coal  in  any 
parts  of  Iowa,  which  have  formations  older  than  the  Des 
Moines  shales  and  sandstones  ,as  the  surface  rock.  The  find- 
ing of  coal  is  not  a  question  of  deep  drill  holes,  but  is  one  of 
intelligent  and  thorough  prospecting  of  geological  deposits  of 
a  particular  age.  If  the  operation  is  begun  in  any  formation 
older  than  the  Des  Moines,  the  drill  may  go  through  to  Aus- 
tralia or  anywhere  else  without  finding  a  si)eck  of  coal. 

Petroleum  and  natural  gas  are  like  coal  in  one  particular — 
they  are  derived  from  organic  products.  Tliey  are  known  to 
have  tlieir  origin  in  dark  bituminous  shale,  in  limestones,  which 
are  in  general  of  organic  origin,  in  quantities  of  vegetable  mat- 
ter included  in  sandstones,  in  remains  of  forests  buried  in  the 
drift,  in  any  accumulations  of  organic  matter  which  have  un- 
dergone or  are  undergoing  decay  while  hermetically  sealed 
from  the  atmosphere.  The  marsh  gas,  which  is  annually  pro- 
duced by  the  decay  of  vegetation  at  the  bottom  of  |K>nds,  af- 
fords an  illustration  of  the  origin  of  one  of  the  products  we  arc 
considering,  familiar  to  almost  every  observant  person.  Tt 
need  scarcely  be  said,  therefore,  that  rocks  which  arc  older  than 

•The  Greenwood  Park  well  at  Des  Moines  has  penetrated  to  the  Cambrian 
and  has  pat  to  actual  test  the  statements  which  anj  competent  geologist 
woald  have  made  in  advance.  All  the  broad  details  of  that  boring  could  have 
been  w^ritten  out  beforehand.  The  full  record  of  the  well,  to  the  minutest  de- 
cails.  is  given  in  Norton's  Artesian  Wells  of  Iowa,  Iowa  Geol.  Sur.,  Vol.  VI,  p. 
29^  et  seq  Scores  of  other  deep  wells  scattered  throughout  Iowa  and  confirm 
injf  all  that  would  be  inferred  from  studies  of  the  superficial  exposures,  are  <le 
scribed  in  the  same  volume. 
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the  introduction  of  life  on  the  globe  can  furnish  neither  gas 
nor  oil ;  and  the  fact  that  such  rocks  may  be  reached  in  Iowa  at 
no  great  depth  makes  it  possible  to  explore  the  whole  of  the 
possibly  productive  series  with  comparative  ease.  Owing  to 
their  low  specific  gravity,  oil  and  gas  are  displaced  by  descend- 
ing waters  and  tend  to  rise  toward  the  surface.  They  may, 
therefore,  be  found  at  some  distance  above  the  beds  in  which 
they  are  generated,  but  it  would  be  very  unusual  to  find  tliem 
lower  down. 

The  seas  were  practically  destitute  of  life  when  the  Algon- 
kian  quartzytes  at  the  base  of  the  Iowa  geological  column  were 
laid  down,  and  all  rocks  older  than  the  quartzytes  were  formed 
under  conditions  even  less  favorable.  It  may  be  ver\'  positivt- 
Iv  affirmed  that  explorations  for  oil  or  gas  below  the  top  of  the 
Algonkian  are  certain  to  be  fruitless.  Above  the  Algonkian 
lies  a  body  of  Cambrian  sediments — ^mostly  sandstones — i.ooo 
feet  in  thickness.  Life  was  far  from  abundant  in  Iowa  during 
the  deposition  of  the  Cambrian,  though  even  if  it  had  been 
never  so  prolific,  it  would  have  counted  for  little,  since  sand- 
stone is  not  a  good  conservator  of  the  organic  matter  present 
in  the  seas  at  the  time  of  its  accumulation.  Sandstones  arc 
good  reservoirs  for  the  storage  of  gas  and  oil  after  these  prod- 
ucts have  been  generated  from  vSome  underlying  productive 
nxk.  Hut  there  is  nothing  below  our  Cambrian  from  which 
gas  or  oil  could  be  derived,  and  so  the  probability  of  finding 
either  below  the  toj)  of  the  Cambrian  sandstones  is  so  small  as 
to  he  unworthy  of  consideration.  Overlying  the  Cambrian  are 
two  formations,  tlie  Oneota  and  the  Saint  Peter,  equally  as  bar- 
ren as  anything  below  them.  When  the  drill  reaches  the  top 
of  the  Saint  Peter  sandstone,  it  has  practically  passed  through 
and  beyond  all  formations  in  which  there  is  any  possible  ho|x; 
of  finding  the  products  under  discussion.  Next  in  ascending 
order  conies  the  Trenton  limestone,  a  formation  that  was  laid 
down  on  a  sea  l)ottom  fairly  crowded  with  swarming  forms  of 
life.  This  limestone  is  impure:  it  contains  a  large  amount  of 
clay  mixed  either  with  the  materials  forming  the  layers  of 
stone  or  laid  down  as  l>c(ls  of  shale  between  the  more  stonv  lav- 
ers.  The  Trenton  formation  was  deposited  under  exceedingly 
favorable  conditions  for  makinq;  it  a  ])roductive  source  of  g^s 
and  oil.     It  still  contains  lari^e  quantities  of  bituminous  mat- 
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ter  which  by  the  slow  distillation  always  going  on  must  yield 
annually  considerable  volumes  of  gaseous  or  liquid  hydrocar- 
bons. At  all  the  exposures  of  the  lower  Trenton,  from  Du- 
buque northward,  the  dry  shaly  partings  between  the  ledges  of 
limestone  afford  material  so  rich  in  bitumen  that  it  is  easily 
lighted  with  a  match;  it  bums  freely  and  emits  a  strong  oily 
odor.  Bituminous  shale,  precisely  like  that  seen  in  the  natural 
exposures,  w^as  brought  up  from  the  horizon  of  the  Trenton 
in  the  deep  well  at  Washington,  Iowa;  it  has  been  recognized 
in  other  deep  wells;  the  same  shales,  rich  in  bitumen,  probably 
underlies  the  greater  part  of  the  state. 

If  then  a  great  amount  of  bitumen  is  stored  up  in  tlie  Tren- 
ton limestone  and  is  constantly  evolving  gas  and  oil  by  slow- 
distillation,  why  are  not  gas  and  oil  wells  as  common  in  Iowa 
as  in  the  productive  regions  of  Ohio  and  Indiana?  Let  it  be 
answered  that  something  more  than  petroleum-bearing  rock- 
is  needed  in  order  that  oil  may  be  obtained  in  quantities  of 
commercial  importance.  It  has  been  estimated  by  professor 
Orton  that  the  rocks  beneath  the  surface  over  a  very  large  part 
of  Ohio  contain  at  least  3,000,000  barrels  of  oil  to  the  square 
mile,  and  yet  not  one  gallon  of  this  can  be  secured  by  the  drill 
without  the  concurrence  of  at  least  two  other  conditions:  (i ) 
There  must  be  a  porous  reservoir — sandstone  or  porous  lime- 
stone— in  which  the  oil  or  gas  may  accumulate,  and  this  must 
be  covered  with  shale  or  other  impervious  deposit  to  prevent 
the  hydrocarbons  from  escaping  to  the  surface  and  becoming 
lost  as  fast  as  they  are  generated.  But  reservoir  and  cover 
alone  will  not  insure  a  supply.  So  long  as  the  rocks  lie  flat  or 
have  a  uniform  dip  there  will  l>e  no  accumulations  of  any  im- 
portance. (2)  The  reser\'oir  and  cover  must  present  a  series 
of  folds  beneath  the  arches  of  which  the  oil  and  gas  are  en- 
trapped and  accumulated  under  high  pressure.  Three  condi- 
tions, therefore,  must  exist  conjointly — the  source  of  sui)ply 
in  some  fonn  of  organic  matter,  the  porous  reservoir  and  im- 
pervious cover,  and  the  arched  or  folded  condition  of  the  bed-. 
It  is  the  last  of  these  conditions  that  is  wantini;;-  in  Iowa.  (  )ur 
stratified  rocks  are  not  folded  to  anv  noteworthy  extent.  The 
compression  and  crushing  which  gave  rise  to  tlic  .\i)i)alachian 
mountains  produced  folds  as  far  we.^t  as  Indiana,  and  then  the 
effects  fade  out.     Iowa  is  too  far  awav  from  oilier  centcr.s  of 
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«:ru.>tal  disiturbance.  such  as  the  Ozark  region  of  irissr^un    r 
the  great  mountain  axes  of  the  west :  and  so  the  rocks  are  witi- 
out  the  folds  which  are  <o  essential  to  the  accumulation  of  the 
Huent  hvdrocar^K'>n>.     Besides  the  Trenton  limestone  there  are 
petroleum-bearing  rocks  in  other  formations  in  Iowa,  n»xably 
in  the  Carboniferous:  but  so  far  as  discover}-  has  gone,  soinc 
of  the  conditions  on  which  accumulation  in  commercial  quan- 
tities depends,  are  always  absent.   Usable  quantities  of  gas  have 
licen  found  at  a  few  places  in  Iowa  in  the  drift.      This  gas  his 
its  origin  in  the  buried  forests :  beds  of  sand  and  gravel  consti- 
tute the  reservoir :  and  overlying  bowlder  clay  is  the  imperi- 
ous layer.     Xear  Hemdon  and  Letts  are  wells  of  this  kin'L 
The  volume  of  gas  is  small:  its   source  is  near   the    surface: 
nothing  would  be  gained,  but  much  might  be  lost,  by  deeper 
borings.     If  either  oil  or  gas  is  ever  found  in  Iowa  in  usable 
quantities,  f^utside  the  drift,  it  will  be  found  either  in  or  above 
the  Trenton.   There  is  no  possibility  of  its  occurring  below  that 
fomiation.     Xow,  remember  that  deep  wells  which  have  pene- 
trated the  whole  thickness  of  the  Trenton  and  gone  hundreds 
of  feet  below  it,  are  scattered  all   over   Iowa.     Everv   one  of 
these  wells,  no  matter  for  what  purpose  it  was  made,  is,  in  ef- 
fect, a  test  hole  for  gas  and  oil :  and  every  one  of  them  answers 
the  question  of  the  occuremce  of  these  products  in  a  way  that 
might  be  inferred  from  what  is  known  of  the  geological  struc- 
ture— namely,  in  the  negative.     The  state  has  been  ver^*  thor- 
oughly explored  beyond  the  deepest  point  at  which  there  is  thf 
slightest  hope  of  success,  and  a  thousand  other  test  holes  would 
nf)t  make  the  situation  any  clearer  or  the  results  more  decisive. 
There  is  always  the  verA-  remote  possibility  that  there  may  be  a 
small  arch  somewhere  which  has  not  been  pierced  by  the  drill. 
])Ut  the  chances  of  its  existence  are  so  few%  that  if  the  object  is 
dimply  to  test  for  gas  or  oil,  it  would  be  an  unjustifiable  waste 
n\  money  to  search  for  it  even  if  holes  could  be  bored  even'- 
where  down  into  the  Trenton  limestone  at  the  rate  of  one  dol- 
lar apiece.    The  geological  structure  of  the  state,  in  its  broader 
featiirc-s.  is  now  thoroughly  known.     The  records  of  the  many 
dccj)  wrlK,  sr)  fully  and  accurately  described  by  Norton  in  Voi- 
uiiic  \'l  of  the  Iowa  Reports,  reveal  that  structure  in  scores  of 
[>lc'i<"(>  down  to  the  Algoiikian  :  and  from  the  base  of  the  Al- 
;^^oiikian  to  the  rarth's  center,  there  is  nothing  but  barren,  ignc- 
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ous  rocks  in  which  drills  mig^ht  be  worked  eternally  without  the 
remotest  prospect  of  finding  even  so  much  as  a  trace  of  gas  or 
oil. 

There  is  another  fallacy  which  should  be  disposed  of,  if  it 
is  ever  possible  to  dispose  of  any  of  the  popular  and  deep-root- 
ed fallacies  concerning  what  is  hidden  from  ordinary  observa- 
tion beneath  the  surface  of  the  ground.     However  it  has  arisen, 
there  is  a  wide-spread  belief  that  experts  in  some  way  are  able 
to  judge  of  the  presence  or  absence  of  valuable  products  by  an 
examination  of  the  topography  and  general  characteristics  of 
the  surface  of  any  given  region.     Unscrupulous  persons,  tak- 
ing advantage  of  this  belief,  have  robbed  some  Iowa  communi- 
ties unmercifillly.     Such  persons  usually  own  an  elaborate  out- 
fit for  drilling,  and  naturally  they  want  to  keep  themselves  and 
their  machines  employed.     The  community  to  be  victimized  is 
easily  selected.     With  specious  claims  of  expert  knowledge  and 
glib  assurance  that  this  hill  and  that  ravine  and  the  relations 
of  the  level  plain  all  bear  unmistakable  evidence  of  underlying 
wealth  of  the  very  kind  that  the  community    for   the   moment 
most  desires,  the  requisite  amount  of  money  is  quickly  coaxed 
from  the  pockets  of  the  public  spirited  subscribers,  the  hole  is 
bored,  the  driller  gets  his  pay,  and  the  community  is  left  to  re- 
pent its  folly  at  its  leisure.     Not  infrequently  it  is  the  public 
spirited  men  of  the  community  who  take  the  initiative,  and, 
without  knowledge  of  their  own  and  asking  no  advice,  but  firm 
in  the  belief  that  the  earth  will  yield  anything  desired  if  we 
only  go  deep  enough,  they  proceed  with  the  drilling  of  test 
holes  on  a  scale  involving  the  expenditure  of  thousands  of  dol- 
lars.   The  end  is  inevitable.     It  is  that  which  invariably  fol- 
lows cver\'  ill-advised  enterprise  in  which  ascertained  facts  arc 
i^iored.     The  disappointment  may  be  all  the  keener  when  the 
promoters  realize  that  the  facts  bearing  on  the  case  were  casilv 
ascertainable. 

The  highest  living  authority  on  the  distribution  of  oil  and 
^35,  th^  man  who  has  done  more  than  any  one  else  for  the  suc- 
cessful and  profitable  development  of  all  the  interests  related  to 
^hsc   t^vo  products,  declares   that    the   most    valuable    servicr 
^'hicfi    science  has  been  able  to  render  in  this  ccMinection  has 
^^n    tlie  determination  of   the   fields    wherein    exploration    is 
ope  less.     lowans  will  do  well  to  remember   that,    even    in    a 
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state  as  munificently  endowed  as  theirs,  there  are  some  things 
and  some  favoring  conditions  which  Nature  has  failed  to  pro- 
vide, there  are  some  drafts  on  Nature's  apparently  limitless 
bounty  which  must  go  unhonored,  there  are  some  enterprises 
looking  to  the  development  of  natural  resources  which  in  the 
very  condition  and  structure  of  things  are  absolutely  hopeless. 
Let  them  rather  reserve  all  of  their  capital  and  energies  for  the 
development  of  the  splendid  resources  which  do  exist  and  not 
waste  any  in  the  useless  search  for  geological  products  which 
all  enlightened  experience  shows  could  not,  by  any  known  pos- 
sibility, be  developed  in  the  state. 


4 
EDITORIAL  COMMENT. 


MrsEi'M  Catalogles. — Two  catalogues  of  museums  lie 
on  our  table,  the  first  by  Prof.  Renevier,  and  the  second  from 
the  Smithsonian  Institution, which  illustrate  among  other  things 
the  difference  in  the  support  to  Science  which  is  afforded  in 
Switzerland  and  the  V.  S.  rcsi)ectively.  The  first  is  entitled 
'Wotice  snr  I'originc  ct  I'instaUation  dn  Musce  gcoloi:^i(]uc  dc 
Lausanne.     {Lausanne,  1895.)     Par  Prof,  E.  Rcnczucn 

In  sj)ite  of  its  title  but  little  more  than  half  a  page  is  de- 
voted to  the  origin  and  installation  of  the  collections.  The  re- 
maining ten  pages  arc  dedicated  to  a  description  of  the  col- 
lections and  llieir  classification.  The  collection  is  not  a  large 
one,  but  some  points  are  of  interest. 

R(.x)ni  I.  The  first  collection  is  of  general  stratigraphy. 
three  glass  cases  ex|x)sing  the  principal  classic  fossils  from  the 
earliest  to  tlie  C'retacic. 

rile  second  is  the  petrogonic  collection  of  1,500  specimens 
intended  to  Icacli  tlic  mode  of  fomiation  of  the  rocks  which 
compose  tlie  terrestrial  crust  on  a  system  of  Prof.  Renevier's 
as  t(»llo\\  s : 

a  )  P  c  u  t  o  c  0  •;  c  u  i  c  rocks  of  sedimentary^  origin  by 
nirclianical  nicans. 

1> )  ( >  r  i:;  a  n  t>  i;  r  n  i  c  rocks  of  sedimentary  origin 
tliroii.uli  organic  ])roccssc>. 

r  I  //  y  //  (/  /  (>  ,i^  t' ;/  /"  r  rocks,  of  chemical  origin  by  means 
"I  walrr. 
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i)  PvTOgcnic  rocks  of  chemical  urigin  by  means  of 
beat. 

cj  Crysloge»»c  or  crystalline  rocks  of  doubtful 
prigiii  on  account  of  their  crystallization. 

The  subdivisions  of  these  groups  are,  as  far  as  possibk-, 
equally  based  upon  their  mode  of  fonnation. 

The  third  division  is  of  the  Cretacic  fossils  of  the  country. 

The  fourth  is  the  Geotechnical  collection,  including  oma- 
xnental  marble,  slate,  etc. 

The  fiflh  is  the  Morphological  collection  CErosion,  actual 
consoiidatiou,  organic  perforation,  etc. 

The  xixlh  is  of  geological  maps,  profiles,  photographs  clc. 

Room  II.  The  hall  of  regional  geology  (collections  of  the 
western  .'^Ips  and  of  the  Southern  Jura),  etc. 

III.  I'aleontoiogy  (Fossil  mannnals;  Birds,  Ri-ptiles  and 
Fishes,  etc. 

IV'.     MineraJc^cal  hall,  etc. 

Tliis  is  an  unusal  arrangement,  especially  that  of  the  first 
division  witli  its  miscellaneous  department  at  the  end. 

Far  different  js  Curator  Merrill's  "Ciiide  to  the  situiy  of  lh<.- 
•  collectioMs  in  the  Section  of  applied  Geology." 

The  non-metallic  Minerals  by  George  P.  Merrill,  (From 
the  report  of  the  Smithsonian  InstilUlion  for  iSy,^),  pp.  155  iii 
483  with  thirty  plates.  "Washington.  Government  printing 
office,  1901." 

The  328  pages  of  this  useful  catalogue  interspersed  with 
plates  and  cuts  follow  the  general  classification  of  Dana  in 
general  in  the  groups  which  arc  I.  The  Elements.  II.  Sul- 
phides and  arsenides.  III.  Halides.  IV.  Oxides.  V.  Car- 
bonates. IV.  Silicates.  VII.  Niobates  and  Tantalates.  VIII. 
Phosphates.  IX.  Nitrates.  X.  Borates.  XI.  Uranates.  XII. 
Sulphates.  XIII.  Hydro-carbon  compounds.  XIW  Miscella- 
neous. 

Under  these  latter  it  is  to  be  regretted  that  the  Mineral 
Waters  are  stowed,  as  if  in  the  way.  They  deserve  a  sepa- 
rate chapter  like  the  rest.  The  lack  of  a  proper  bibliography 
of  mineral  waters  of  the  United  States  was  felt  when  Daubree 
was  writing  his  great  work  on  Les  Eaux  Soutcrraines ;  and 
sought  in  vain  for  systematic  infomiatTun  on  the  subject  in  this 
country.     Little  more  than  the  advertising  sheets  of  rival  min- 
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eral  springs  with  analyses  by  known  and  unknown  persijtir— 
principally  physicians  or  druggists  of  the  immediate  ncigfc- 
lK'>rhood,  could  be  obtained. 

The  catalogue  of  the  XIII  sections  is  admirably  full  an*! 
contains  besides  the  American  and  principal  foreign  localitie. 
of  each  particular  product,  a  ver>-  useful  bibliography. 

p.   F. 

CONTRIBTTIOXS   TO   THE   LITERATURE   OF    VOLCAXOES.— Aq 

interesting  review  of  the  great  work  of  Stiibel  on  the  volcanoes 
of  Ecuador  has  appeared  in  the  Bulletin  of  the  Societe  Beige  dc 
Tieologie  de  Paleontologie  et  d'Hydrologie,  by  Prof.  \V.  Prim, 
of  the  free  University  of  Brussels.  The  title  is  "Les  volcafl- 
(yes  de  I'Ecuador  par  Alph  Stiibel.  Resume  des  theories 
d'interet  general  contenues  dans  cet  ouvrage.  par  \V.  Prinz. 
Professeur  a  TUniversite  libre  de  Bruxelles." 

He  states  that  Stiibel  was  of  those  who  seek  the  remotest 
regions  for  new  facts  with  which  to  enrich  science,  and  that  he 
had  remained  for  nearly  ten  years  in  the  high  region  of  Colnm- 
bia  and  Ecuador  to  study  the  volcanoes.  His  results  were  six 
thousand  si)ecimens  of  rocks  and  the  aquarelles,  sketches,  and 
even  oil  paintings  of  M.  Troya,  an  artist  who  accompanied 
him,  all  of  which  arc  in  the  ethnographic  museum  at  Leipzig. 
The  volume  which  is  reviewed  is  intended  as  a  descriptive  cat- 
alogue of  these  objects.  There  are  14  cuts  in  the  text  and  a 
map  on  a  large  scale  1 1250,000  by  M.  Th.  Wolf.  The  meas- 
urements on  which  the  map  is  based  are  discussed  by  M.  B. 
Peter  of  the  Observatory  of  Leipzig. 

M.  Stiibel  after  much  hesitation  in  grouping  the  separate 
cones  finally  concludes  that  there  are  but  41  volcanoes  in  Ecua- 
dor, grouped  in  two  chains  which  enclose  the  high  plateau  tn 
the  east  and  to  the  west.  The  object  of  the  study  is  to  seek 
tlie  connection  wliich  still  exists  between  the  eruptive  manifes- 
tations and  the  part  of  the  globe  yet  in  a  state  of  fusion,  or  in 
other  words  do  the  modem  volcanic  phenomena  depend  on  the 
<lrvelo|)ment  of  the  earth? 

The  tendency  of  his  reasoning  is  to  the  negative,  and  in 
support  lie  cites  tlie  enormous  thickness  of  the  crust  (even 
wliere  .supposed  t(j  be  least  so.)  What  disproportion  between 
tlic  flow  ()\  lava  and  tlic  supposed  source!  Earthquakes  too 
a^r  from  caiiso  imt  situated  very  deep. 
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The  distribution  of  the  volcanoes  in  Ecuador.  Columbia, 
lolivia,  Chili,  ant!  Mexico,  Central  America,  and  the  Aleutian 
lup  is  very  remarkable,  for  it  is  evident  tliat  a  great  nucleal 
:  would  not  discharge  the  excess  of  its  igneous  fluid  by 
[TOW  channels,  hut  by  great  orifices  in  the  regions  of  flow, 
liich  would  be  kept  pcnuancutly  open  during  the  eruptive 
^iod. 
He  leaves  the  same  dilemma  which  his  object  was  to  solve. 
jptJier  the  earth  is  surrounded  by  a  thin  crust  although  its  in- 
n  a  stale  of  fusion,  which  is  in  contradiction  with  cer- 
1  geological  and   astronomical    facts,   although   offering  an 
L  explanation  of  volcanic  action :  or  the  earth  is  solid  to  a 
i^at  depth  and  contains  only  a  relatively  unimportant  kernel 
E  igneous  materials,  which  conforms  to  the  astronomical  and 
^^eologjcal  facts  but  leaves  the  eruptive  plimomena  unaccount- 
ed for.  P.  T. 

CILUKBT'S   Sl'MMAHV    IllSTOKV   OK    NIAGARA   fALLS. 

Xumerous  partial  descriptions  and  discussions  of  Niagara 
river  and  Niagara  falls  have  hccw  published  in  late  years,  ow- 
ing to  the  rxpiA  growth  of  the  Reistocene  geology  of  the  re- 
gion of  the  great  lakes.  Some  views  have  not  been  in  accord 
with  others,  and  some  geologists  have  amended  their  own 
views.  The  result  is  that  those  who  have  not  closely  noted  the 
development  of  this  history  find  some  difficulty  in  forming  a 
consistent  idea  of  the  actual  result  arrived  at  by  these  re- 
searches. Below  is  the  summary  of  this  result  as  given  by  Mr. 
G.  K,  Gilbert  in  connection  with  the  new  map  of  Niagara  river 
and  the  Pan-American  Exposition,  dated  May,  1901. 

N.  II.  w. 

"The  beginning  of  the  river  is  intimately  associated  with 
the  Glacial  or  Pleistocene  period.  Before  that  time  lake  Erie 
and  lake  Ontario  did  not  exist  and  there  was  a  very  different 
system  of  rivers  in  the  region.  In  the  early  part  of  the  period 
glaciers  were  formed  on  the  highlands  of  Canada,  and  gradu- 
ally grew  and  spread  until  they  covered  all  the  region  of  the 
great  lakes.  They  eroded  the  land  in  places  and  deposited  the 
eroded  material  elsewhere  in  the  form  of  drift.  Then  they 
melted  back  so  as  to  uncover  the  lake  region,  making  an  inter- 
glacial  epoch,  and  afterwards  they  again  grew  large.     These 


3/6  The    American    Geologist.  June,  iswl 

oscillations  were  several  times  repeated,  so  that  the  Pleistocene 
period  was  composed  of  several  glacial  epochs  separated  by  in- 
terglacial  epochs.  Each  interglacial  epoch  had  its  o^ti  system 
of  lakes  and  rivers,  and  in  one  of  these  epochs  a  g^reat  river 
traversed  the  Niagara  district,  crossing  the  escarpment  a  few 
miles  west  of  the  mouth  of  the  Niagara  gorge.  Like  the  Ni- 
agara, it  made  a  gorge,  and  this  gorge  was  eaten  back  from 
the  neighborhood  of  the  village  of  St.  Davids  to  the  position 
of  the  present  Whirlpool.  The  readvance  of  the  glacier  not 
only  abolished  this  river  but  filled  with  drift  the  gorg^e  it  had 
ma<le.  so  that  one  may  now  cross  it  on  what  is  known  as  the 
Old  Portage  roatl  without  suspecting  the  existence  of  a  buried 
valley. 

"W'lion  the  ice  f(^r  the  last  time  melted  froni  the  land,  it 
left  a  hollow  which  we  know  as  the  basin  of  lake  Frie.  and 
another  holK^w  which  contains  lake  Ontario,  and  it  left  the  face 
of  the  land  in  such  shaj>e  that  the  overflow  from  one  lake  to 
the  other  cniild  n.»t  fi>llow  the  valley  of  an  earlier  stream  but 
sought  out  a  new  course.  Thus  the  Niagara  river  was  bom: 
and  its  cataract  has  l)ecn  engaged  ever  since  in  the  making  of 
the  gv^rge. 

'*  lust  bcf«»re  the  establishment  of  lake  Ontario  there  was  a 
greater  lake  in  tlie  same  basin,  with  an  outlet  to  the  Mohawk 
and  Hudson  rivers  instead  of  the  St.  Lawrence.  The  aban- 
doned <h«»re  i^i  this  i^reater  lake,  called  by  geologists  the  Iro- 
(liu'is  beach.,  lies  el. >se  to  the  escarpment  and  can  be  traced  out 
by  niean<  '«f  it>  bhilT<  and  ridges.  Its  line  is  followed  for 
ir.any  :v.ile>  in  \ew  York  by  a  nxid  called  the  Ridge  road,  and 
x\\\>  r'»ail  v:r«'>ses  the  ma]».  At  Pickersonville  it  nms  on  a  xyp- 
ieal  iKiioh  ri.lce  ft  jLiravel  and  sand.  Near  Model  City  it  is 
i»:i  !-•]>  »'i  tb.e  imcieiu  shore  blulT.  and  in  Lewiston  it  is  on  a 
irravel  v\\\i:c  which  was  built  as  a  spit  in  the  old  lake. 

"A:ier  the  .li>appearance  oi  the  ice  the  land  it  had  covered 
^\a^  i:ra»:v.a;ly  "]>liitod.  tlie  rate  of  rising  being  diflFerent  in  dii- 
TVriT.t  ia:-:-.  A<  a  result  *n  tliis  warj^ing  of  the  earth  the  out- 
!'. :-  •  :'  r-v::i'.:\  !.i\<.>  were  c!:an;j:ed.  and  these  changes  had  an 
■•v.]  :■:..:'.:  irvV.:-. :-ce  •  ■:;  Niair^ra  river.  There  were  two  epochs 
■'.v.r'.vi:  v:':.w\\  :::•  -:  ■:  :!'.e  wa:er  oi  the  great  lakes  region 
:•  v.  v.*.  :  :•  ■:::  wan  l-y  .tl-er  r  •i:te«;.  leaving  to  the  Niagara  only 
: '  V  V ; . •  •  r  ::  r\  * ;  e  ! a k e  K ri e  1  a <\^.  Du ri ng  these  epoch s  th- 
ri .   r      .-  !   v:..  -:   ...'.tr  :!.:■::  it  t^'W  is.  probably  carrv'ing  onlv 


^ghth  of  the  present  amount  of  water,  and  the  cataract 
then  a  less  powerful  agent  of  erosion.  The  deeper  parts 
the  gorge,  which  now  contain  pools,  were  excavated  by  the 
ftract  when  the  voluine  of  the  river  was  large.  The  shallow 
rts,  which  now  contain  rapids,  were  excavated  whni  the  voi- 
le was  small. 

"The  determination  of  the  age  of  the  river,  or  the  time 

rich  has  been  consumed  in  the  making  of  the  gorge,  is  a 

;ihlent  of  great  interest,  lo  which  much  attention  has  been 

en.     As  the  length  of  the  gorge  is  known  and  as  the  rate 

which  the  cataract  now  lengthens  tlie  gorge  is  known,  it 

Did  seem  a  simple  matter  to  compute  the  time.     Taking  tlie 

1^  length  as  a  dividend  and  the  annual  change  in  length  as 

livisor,  we  obtain  7,000  as  a  quotient,  and  this  has  been  as- 

med  by  some  to  represent  the  number  of  years  occupied  bv 

•  river  in  the  work.     Bnt  this  computation  fails  ti)  take  ac- 

jnl  of  a  number  of  important  considerations,    The  thickness 

the  limestone  is  not  the  same  in  all  parts  of  the  gorge ;  the 

[ht  of  the  cataract  was  not   the   same   through    the    whole 

nod;  and,  as  just  pointed  out,  the  volume  of  the  river  was 

letimes  much  less.     The  last-mentioned  qualification  is  the 

;t  important  of  all.  for  the  diminished  river  would  erode 

uch  less  rapidly  than  the  full  river.     If  we  knew  precisely 

hat  ditTerence  the  change  of  volume  wouhl  make,  a  fairly  sat- 

factory  result  might  be  obtained,  but  this  we  do  not  know. 

smaller  of  the  two  divisions  of  the  cataract,  known  as  the 

merican  fall,  now  contains  nearly  as  much  water  as  did  the 

fhole  river  during  times  of  diminished  drainage  basin.       Mut 

crest  line  of  the  American  fall  has  not  changed  its  form 

^reciably  since  the  year  1827,  when  the  first  accurate  draw- 

Igs  of  it  were  made.     Its  recession  must  be  many  times  slower 

kan  that  of  the  Horseshoe  fall.     This  fact  indicates  that  the 

rte  of  erosion  of  the  narrowest  parts  of  the  gorge  was  cxceed- 

jgly  slow  and  the  time  consniued  exceedingly  long.     Its  esti- 

ition  is  little  better  than  a  guess.     One  may  say  with  sonic 

onfidence  that  7,000  years  is  altogether  too  small  an  estimate 

(the  age  of  the  river,  but  whether  the  real  age  is  expressible 

tens  of  thousands  or  in  hundreds  of  tliousands  of  years  is 

present  a  matter  of  doubt." 

The  Tekm  Hudson  River.— Dr.  Rudolf  Ruedemann  has 
(viewed  the  rather  quixotic  record  of  this  term  in  geological 
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•  T-i  .  - .  •  1     -r  •-..    ^-.    .-»_aI--.'^  "^^i    »r   -^  tr  A     1.   .-z*.   Z^.*_"r  _  1— 

-.  : .r  ',-.<...'.  .^..j  r.tA  rat-*  rc^.-TiSr  -  • ^  •.^^  ^s^^ 

'.0$,r*k.'.\  ;<i—     •'  V  -  ;!*.:':^'/r  River  seHe>.  Sur  :h£.r  ;">  fa-^-is 
/T.!      /T  ••     •':'•:-  :a-:rai  v.hich  are  embrace*':   :r.  the  H:?i!ia 

\<:'.'-r  r-f'f-  >,r'\  '':*•  :o"A'e>:  of  the  foiir.  He  ar*-:-  nni-rac 
•.  •:  '.  .rrvar."  f.:!!  •:.&>:*  are  in  the  Trentt:»n.  Iving'  :nTTr.eii:iiT 
'/J.  •:.'■  !••'.'.  rr  'iT'-Tr-r  \\Ti\ir-Vf[\i:.    Hi*  >iinimanL'  c- >ncl ::*:•. t:  i? is 

■f  :ii-  T;aj/-:r  |^T:r];ort-  to  flemonstraie  the  presence  of  iV«r 
z'.ir*--  of  -l.;i;»-»  in  tlic  'Hiulson  River  shales'  «-»f  the  HndsoB 
';'a\\*:\  n-jri"n  ali'iut  Albany.  These  zunes.  which  extend  froo 
\  >.'.  K  To  S.  S.  \\..  consist,  froing  from  west  to  east,  of  <h&ks 
<  oiitairiinj^  \\v  I-i/rrainc.  L'tica.  Middle  Trenton  and  X«>rman'5 
kill  ^(rajitolit**  faiina>.  The  shales  last  named  include  lowtr 
Tn-iito:i  conj^iomeratf  an<l  rest  on  lower  Trenton  HmestoiK. 
'Ihi>  ••.ncrrHNioTi  of  zones  places  the  Xomian's  kill  graptcJite 
iH-d-.  whirh  f<»nn  the  mass  of  the  Hudson  River  shales  in  the 
IliuNoii  rivcT  vallc-y.  between  the  middle  and  lower  Trenton, 
and  d<-tcnnim-»*.  t«»j^'ethcr  with  other  facts,  the  Lower  Trcnioa 
a^f  of  thcsi-  >haks. 

"I  hr  hcrK  lie  ronfomiahly  inverted,  on  account  of  their  Ik^ 
iii;^  tlic  n-nmaiit  of  thi*  undcrtumed  winp^  of  an  overturned  fold 
of  tlu-  Apjjalacliian  type.  This  fold  has  turned  into  an  iiw- 
ihrn^t  tanh  wliicli  hrouj^^lu  the  Cambric  l)c<ls  as  the  next  snc- 
crrrhnj^  tcrranc  a])ovf  tlie  Xorman's  kill  shales. 

"<  )\\  accoimi  of  the  fact  that  the  mass  of  the  beds  hitherto 
rallrrl  Hudson  River  shales  and  correlated  with  the  Lorraiiw 
beds  of  central  New  ^'ork.  is  comix")scxl  of  terranes  ranginjr 
from  the  Lorraint-  to  the  lower  Trenton,  and  on  accoimt  of  a 
luk  of  a  full\  npri'sc-ntative  faima  and  of  a  complete  section 
of  ilic  Lorraiiu"  portion  of  these  terranes,  it  is  proposed  to  drop 
ilic  icnii  iind^Mii  kivir  shales  for  the  upjx^nnost  part  of  thr 
l.iiwrr  Silinic.  and  llu'  trrni  Hudson  River  p^roiip  for  the  liica 
and  l.orrainr  IkmIs.  and  to  employ  the  temi  Xorman's  Kill 
sliaK's  for  ilu'  rla^iic  facies  of  a  i)art  of  the  lower  Tri.ntt»n 
whirl]  v.-  rliara«>'irri/r«l  ])\  the  f^raptolitc  faima  of  the  X'onnan'> 
kill"  __  

•  'I'hc-    IIimIsoii    Rivrr  beds  near  Albanv  and  their  Taxonomic  etinlralrntf 

WuW.   .Vi).   /!'.  viil.  \iii.  April.  11)01. 


Review  of  Recent  Geological  Literature,  379 

REVIEW  OF  RECENT  GEOLOGICAL 

LITERATURE. 


Phytogeny  of  the  Rhinoceroses  of  Europe.     By  Henry  Fairchild  Os- 

BORN.     iBull.  Am.  Mus.  Xat.  Hist.,  vol.  xiii.,  article  xix.,  />/>.  22'i- 

267,  J900.) 
So99te  Xew  and  Little  Knon'n  Fossil  Vertebrates.     By  J.  B.  Hatchep. 

(^Annals,  Carnegie  Museum,  vol.  i.  igoi.  pi.  1-4.) 

The  Rhinocerotidae  have  hitheto  baffled  the  taxononiist,  and  their 
origin,  development  and  migration  are  still  problematic.  The  phylogeny 
proposed  by  Mr.  Osborn  divides  the  rhinoceroses  into  six  phyla,  hav- 
ing no  known  relation  to  each  other.  The  supposed  stem  forms  are 
traced  back  to  the  early  Cenozoic.  thereby  suggesting  that  the  rhinocer- 
oses, like  numerous  other  mammalian  phyla,  come  under  the  law  of 
early  divergence. 

Mr.  Osborn  bases  his  classification  upon  the  proportions  of  the 
skull  and  correlated  proportions  of  the  body  and  upon  the  location  of 
the  horn  cores.  He  finds  these  to  be  the  main  divergent  characters, 
setting  aside  several  homoplastic  characters  heretofore  employed  in 
classification. 

Besides  suggesting  a  hypothesis  of  descent.  Mr.  Osborn  ofifers  some 
interesting  systematic  and  comparative  descriptions,  based  upon  the 
study  of  the  collections  in  various  European  museums. 

Mr.  Hatcher's  paper  is  based  upon  material  collected  by  the  pale- 
ontological  expedition  of  kxk),  for  which  Mr.  Andrew  Carnegie  sup- 
plied the  funds.  He  describes  Trif^onias  (tshnnii.  a  new  ^eiuis  (tf  rhi- 
n<>ceros.  from  llie  base  of  the  Wliite  River  OHkoocik'.  The  niaiuvs 
differs  from  all  other  known  .Xmerican  rhinoceroses  in  lu-inij  function- 
ally tetradactyl  ;  it  has  an  unreduced  number  of  superior  teeth  :  and 
simple  structure  of  the  sui)crior  premolars.  It  i^  therefore  «)f  a  gen- 
eralized type,  and  is  the  most  prinn'tive  member  of  the  Khinocerotedx- 
at  present  known. 

The  comparison  with  the  unreduced  teeth  of  Trij^onias  will  maki^ 
possible  the  establishment  of  the  homology  of  the  teeth  <»f  the  modern 
rhinoceroses.  Irif^onias  probably  represents  the  ancestral  form  of  one 
of  Mr.  Osborn's  six  groups,  the  Aicratlictiinac.  i.  \i.  <>. 
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CORRESPONDENCE. 


Are  the  St.  John  Plant  Beds  CARRoxiFERors?  The  writer  lia^ 
been  urged  to  take  notice  of  the  opinion  of  Dr.  David  White,  of  tlvj 
United  States  Geological  Survey,  expressed  as  to  the  age  of  the  St. 
John  plant  beds,  or  "fern  ledges."  as  they  were  designated  by  the  latv 
professor  C.  F.  Hartt. 

As  long  as  Mr.  White's  statement  of  the  age  of  these  beds  was  ex- 
pressed merely  as  an  opinion  based  on  the  composition  of  the  flora 
which  these  beds  contain  (which  flora  he  regarded  as  that  of  the  Pott<- 
ville  conglomerate  of  Pennsylvania,  or  in  English  parlance  the  Mil' 
stone  grit*),  it  did  not  seem  to  call  urgently  for  reply.  But  since  W 
has  lately  written  a  communication  to  the  Natural  History  Society  of 
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Montreal,  wherein  he  has  stated  that  the  "erroneous  reference  of  tlr? 
fauna  to  the  Devonian  was  forced  upon  Sir  William  [Dawson]  by  the 
findings  of  the  stratigraphers/'t  it  becomes  necessary  for  the  writer  tj 
show  something  of  the  history  of  these  "findings,"  since  to  him  and  ts 
professor  L,  \V.  Bailey  is  chiefly  due  the  assignment  of  the  age  re- 
quired by  the  stratigraphy. 

With  this  question  is  now  involved  the  age  of  certain  plant-beari£| 
terranes  in  Nova  Scotia,  surveyed  and  mapped  by  Messrs.  Hcgk 
Fletcher  and  R.  W.  Ells,  of  the  Canadian  Geological  Survey;  but  in 
this  communication  the  writer  proposes  to  confine  himself  to  the  New 
Brunswick  areas,  and  to  mention  the  stratigraphical  points  bearing  on 
the  age  of  the  plant  bed  as  briefly  as  possible. 

The  "Millstone  grit"  is  well  developed  in  New  Brunswick,  with 
floras  at  various  points ;  and  visibly  at  almost  all  points  where  its  bor- 
ders are  exposed,  is  underlain  by  red  shales  and  conglomerates  \c\\\i 
sonic  Lower  Carboniferous  limestones.  The  fi^ay  rocks  (Millstone 
grit)  have  been  traced  and  surveyed  by  Drs.  L.  W.  Bailey  and  R.  W. 
LI  Is  from  a  point  about  30  miles  north  of  St.  John,  eastward  to  the 
Joggins  section  in  Nova  Scotia. 

The  underlying  red  shales  and  conglomerate  above  mentioned,  or  to 
use  the  Pennsylvania  nomenclature,  the  Maunch  Chunk  shale,  comes 
within  three  miles  of  St.  John  on  the  north  and  an  outlier  is  found 
one  mile  to  the  southeast  of  the  city.  These  rocks  are  inclined  at  \ov 
angles  from  the  pre-Carboniferous  complex  on  which  they  rest,  and  the 
(►utlier  reposes  upon  the  contact  of  the  Mispec  and  Little  Rix'er  terrane* 
unconformahly. 

In  the  valley  of  the  Kcnnebecasis  and  the  Pettecodiac  rivers  (whici 
are  continuous)  extending  northeast  from  St.  John  about  eighty  miles 
there  appear  at  intervals  beneath  the  equivalent  of  the  Maunch  Chunk 
re<l  shales,  Ixxlies  of  gray  and  dark  gjay  bituminous  shale  (near  Sl 
John  mostly  gray  standstones)  and  underlying  conglomerates,  that  were 
much  eroded  before  the  deposition  of  the  red  shales,  etc.  These  gray 
>liales  contain  at  various  points  frequent  remains  of  Ansitnites  acadUa 
and  Lcpidodcndrcn  corrugatum,  and  are  the  equivalent  of  the  Pocono. 

Down  to  the  base  of  this  series  the  sandstones  are  "free  stone?.** 
I  bat  is  they  have  not  been  filled  with  a  secondary  growth  of  silica  be- 
tween the  grains;  the  plants  in  the  shales  retain  their  bitumen;  the 
limestones  are  not  metamorphosed  and  the  igneous  effiisives  contain 
/(.N)lites.  Helow  this  the  sandstones  are  strongly  cemented  with  silica 
and  >onu*  ralcite.  the  sliales  are  converted  into  slates,  the  limestones 
aro  iiKMc  ^•Iy'^lal!ine.  and  the  l)ed>  are  usually  tilted  at  high  angles. 

Tlu-  (liviNion  hciweeii  the  rocks  in  these  two  conditions  is  the  line  ot 
n  j^reat  nnrnnformity  with  discordance  of  dip,  and  usually  strike  as  well, 
1h  tut  til   ilic   nii(U'rlyiii)^  and   tjverlying  measures. 

'liir  in-t  tcrraiic  ln'Iow  the  unconfomity  is  the  Mispec — Conglomcr- 
air  ;-.:i«l  r«-.l  -!.it<-.  As  ilii>;  terrane  contains  rolled  fragments  of  Silur- 
ia!'  •■■ -raN  \\\r  \\\\:>\c  ^rv'\r^  1)el«»\v  it  to  the  horizon  of  these  corals  must 
:i;:\«    ].<  Ill  <1<  ini'l-<I  Ihi'mii-  or  during  its  formation. 
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The  next  lerrane  is  ihc  l.itlli-  River  gtmtf  trtiich  cootatiu  the  ^snt 
beds  of  tlic  "fern  ledger,"  To  Ihc  siraiigriipher  it  appevi  abcnrd  to 
speak  of  these  being  equivalent  to  the  Pott&ville  condomente  (i.  e,  &K 
Millstone  fril]  in  ajce. 

Lest  it  might  be  thought  ih;it  Ihc  rcfcrtoce  of  th«  pluit  beds  of 
Sl  John  to  this  low  horiifiQ,  ftsi*  only  oil  th«  writeri'  early  detefmiiw- 
lions,  supporied  later  b>-  Drs.  L.  W.  Bailey  «iid  R.  W.  Elb.  he  may 
say  that  Sir  William  Dawson  went  over  these  MCtlMU  before  be  wrote 
his  classic  papers  and  reports,  wherein  he  referred  than  to  &e  Kiddie 
Devonian.  Dr.  T,  Sterry  Hunt  also  spent  a  good  part  of  one  Maaon 
in  examining  the  sontliem  coast  region  of  New  Brtmawidc  with  Dr.  L. 
W.  Bailey  and  the  writer :  and  Dr.  Selwyn  itfaen  Director  of  the  Can- 
adian Geological  Survej-.  went  over  the  same  KTOtmd;  aa  be  gave  the 
inipriniature  of  the  surrey  report  to  the  view  iibovc  ej^resMd,  It  la  tO  be 
presumed  iliat  he  was  satisfied  with  the  evidence  in  iti  favor. 

The  fact  of  the  matter  is  that  Mr.  While  haa  read  the  biologjr  of  the 
plant  bed  flora  from  the  wrong  end.  A  fcur  of  die  andent  typci  of 
this  flora  (Archvopleris)  were  known  when  Rogeri  made  the  fint 
geological  survey  of  Pennsylvania.  And  since. Dawaon  Stndied  the 
flora  oilier  types  have  been  gradually  gathered  from  the  lower  borizoni 
of  Ihc  Carboniferous;  Megaloplerii  for  inManee  waafoond  in  Mretxl 
species  in  Ohio  by  professor  Andrews  from  the  lower  coal  meaiurcs, 
and  lalcr  Lesquereux  described  others,  gathered  chlefiy  in  the  (outh 
and  ilie  Mississippi  states  from  the  equivalent  of  the  Mannch  Chtmk  red 
shale.  It  would  appear  that  a  number  of  the  ipeciea  of  diis  flora  lur- 
vived  in  Pennsylvania  until  the  time  of  ihc  Pottaville  conglomerate. 

The  reference  of  these  plant  beds  to  the  Millalonc  grit  rectindi  one 
of  the  [•etsislcncy  with  which  Lesquereux  tome  thirty  or  for^  years 
ago  clung  to  the  view  that  the  Lignite  beds  of  the  west  were  of 
Tertiary  age,  whereas  it  has  been  amply  shown  by  the  marine  fossils 
that  they  are  Cretaceous. 

Many  genera  of  plants  have  a  wide  vertical  range ;  witness  the 
recent  genera,  Amentace*  &c.,  in  the  Cretaceous,  some  species  of 
which  are  very  difficult  to  distinguish  from  modern  forms ;  is  the  Cre- 
taceous recent  because  it  contains  these?  Some  species  of  marine 
forms  (Brachiopods  and  Tritobites  even)  range  through  a  whole  geo- 
logical system,  why  may  not  some  plants? 

To  recapitulate,  the  following  changes  occurred  between  the  depo- 
sition of  the  St.  John  plant  bed;  and  the  formation  of  the  Millstone 
grit. 

Erosion  of  strata  to  the   Niagara   horizon   with   deposition   of   the 

Crushing  and  folding  of  the  unconsolidated  terranes  from  (and  in 
eluding)  the  Mispec  downward.     Extrusion  of  grar.ite. 

Deposition  of  the  Albert  shale  and  cong  lorn  crate =Pociiij<j. 

Erosion  to  the  Laurentian  or  Fundamental  complex,  with  dcpn^iifon 
of  red  slate  and  conglomeraie'=.l/i!HMf/f  Chunk. 
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I  may  add  that  very  similar  phenomena  can  be  observed  on  the 
north  shores  of  Unga  and  Popoff  islands  of  the  Shumagin  group. 
Alaska,  where  the  age  is  probably  Oligocene.  Wm.  H.  Dall. 

Smithsonian  Institution,  May  i,  igoi. 


PERSONAL  AND  SCIENTIFIC  NEWS. 


J.  W.  Beede  h^s  been  appointed  instructor  in  geology  at 
Indiana  State  University,  Bloomington,  Ind. 

Dr.  J.  B.  WooDW'ORTH  has  been  appointed  assistant  pro- 
fessor of  geology  at  Harvard  University,  Cambridge. 

Mr.  Warren  Upham  will  attend  the  Dartmouth  College 
Commencement.  June  23  to  26,  the  thirtieth  anniversary  of  his 
graduation. 

The  Cascade  Tunxel,  bv  which  the  Great  Northern  rail- 
road  passes  the  Cascade  mountains,  is  three  miles  long  and  is 
cut  wholly  in  granite. 

Dr.  T.  C.  Hopkins,  professor  of  geolog\^  at  Syracuse  Uni- 
versity, will  work  on  the  Geological  Survey  of  Indiana  during 
the  present  summer.  His  work  will  be  on  the  geological  map 
of  the  state. 

Prof.  R.  P.  Whitfield  has  returned  from  several  weeks 
stay  in  the  Bahamas,  where  he  secured  for  the  American  Mu- 
seum of  Natural  History  a  number  of  remarkable  specimens 
of  corals,  to  be  added  to  the  magnificent  series  which  he  has 
obtained  on  previous  visits  to  the  islands  and  presented  to  the 
institution. 

The  United  States  Geological  Survey  Has  Issued  a 
map  of  Niagara  river  and  vicinity  on  a  scale  of  1  :625oo,  show- 
ing the  topography  and  the  culture  features,  which  will  be  of 
great  convenience  to  all  who,  visiting  the  Buffalo  Pan-Ameri- 
can Exposition,  desire  to  make  some  examination  of  the  geol- 
og\'  of  the  region. 

The  Next  Meetinc;  of  the  American  Association  for 
THE  Advancement  of  Science,  and  of  the  Geological  Society 
of  America,  will  be  held  at  Denver,  Colo.,  Aug.  24  to  Aug.  31. 
C.  D.  Walcott  is  president  of  the  (icological  Society  and  C.  R. 
\'an  Hise  is  vice-president  in  charge  of  the  section  of  geology 
and  geography  of  the  Association. 

Miss  L.  A.  Owen  describes,  in  VerhaJidJ.  dcs  J'll.  iiitcrnaf. 
Gcographen-K  on  grosses,  Berlin,  1899,  ^^^^  discovery  of  a  large 
stone  ax  imbedded  in  the  bluff  on  the  west  side  of  the  river  at 
Atchison,  Kansas,  twenty  miles  south  of  St.  Joseph,  Mo.  The 
implement,  whose  discovery  is  attested  by  affidavit  taken  by  an 
eminent  attorney,  was  found  in  comparatively  undisturbed 
loess,  four  feet  below  the  surface. 
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aLte  of  CcdoradOy  has  been  arranged  with  the  cooperation  of 
Ic^rs.  S.  F.  Emmons  and  Whitman  Cross. 

ExpLCMtATioNS  IN  ALASKA.  It  is  reported  that  the  United 
•taites  Gedogical  Survey  will  send  three  expeditions  to  Alaska 
bis  summer.  The  first,  under  J.  W.  Peters,  will  start  from 
teigAAian,  nearly  1.000  miles  northwest  of  Sitka,  and  proceed 
o  tlie  Arctic  ocean.  The  party  hopes  to  advance  eastward  as 
kr  as  the  British  boundary  and  lyill  then  turn  westward  again 
ind  proceed  toward  point  Barrow.  The  seccmd  party,  lea  bv 
iV.  C.  Mendenhall,  will  work  in  the  vicinity  of  Kotzebue  sound. 
Fhe  third  party,  led  by  M.  Gerdine,  will  continue  explorations 
in  the  region  of  Copper  river. 

The  Department  of  Vertebrate  Palaeontology  of  the 

American  Museum  of  Natural  History  will  have  three  parties 

In  the  field  this  season  under  the  general  direction  of  professor 

ll.  F.  Osbom.    One  wiH  continue  the  work  in  the  Pleiocene 

beds  of  the  Mt.  Blanco  region  in  Texas,  where  so  many  and 

such  fine  remains  of  mast(^ons,  horses  and  camels  have  been 

found  by  the  museum  parties  in  recent  years.    The  second 

party  will  continue  the  excavation  of  the  celebrated  Bone  Cabin 

quarry  in  the  Como  district  of  Wyoming,  while  the  third  party 

wiU  prosecute  the  collection  of  dinosaurian  remains  in  the 

Black  Hills  region  of  South  Dakota  and  Wyoming. 

Lehigh  University,  at  South  Bethlehem,  Pa.,  publishes  a 
list  of  the  titles  of  theses  to  be  presented  by  candidates  for 
d^jees,  June,  1901.  This  list  gives  sixty-one  titles.  They 
are  almost  wholly  scientific.  The  exceptions  are  two,  one  (de- 
voted to  the  modem  meaning  of  socialism  and  the  other  lo 
Chaucer's  "Prologue/'  Nine  are  in  the  course  of  mining  eiipi- 
neering-  and  the  remainder,  which  is  the  larger  half,  are  in 
some  line  of  engineering  or  in  chemistry.  Not  one  is  devoted 
to  any  phase  of  geolog}',  nor  to  mineralog\'  nor  to  any  ques- 
tion of  petrography.  It  seems  anomalous  that  in  a  mining 
state  like  Pennsylvania,  whose  geolog>'  has  furnished  many  of 
the  important  elements  of  the  science  in  America,  a  university 
of  such  scope  and  standing  could  graduate  a  scientific  class  of 
sixty-one  without  evincing  any  sign  of  geology  in  the  final 
theses. 

Geological  Society  of  Washington.  At  the  meeting  :)f 
this  society  on  April  24,  Mr.  G.  P.  Merrill  exhibited  specimens 
of  the  so-called  ^loldavites  from  Bohemia  and  Moravia  and 
gave  a  brief  resume  of  the  views  of  various  writers  as  to  their 
supposed  meteoric  nature.  He  also  exhibited  weathered  peb- 
bles of  obsidian  from  several  localities  in  the  arid  west  wliich 
showed  corroded  surfaces  suggestively  similar,  and  which  he 
regarded  as  produced  by  natural  teni[)erature  variations  and 
the  corrosive  action  of  the  atriiosphere. 

At  the  same  meeting  was  exhibited  a  preliminary  sketch  for 
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:,.v:'-  "/  •:>-  '  '7^1!  r'rcr: -n-.  vr.ere  the  scenes  of  industrial  de««.»ii- 
•:  ,r.  :r;  ^•■.*:  a.n\-.rii  :*r  fja-in-  wa?  in  marked  contrast  wiih  il« 
v.rif^  hi^Tv .'ilrirk'.  '.A:vl^*:^\/r.  prevailing*  'Xitside  the  Pott>viIlc 
kiA  [''X'/Mo  ri •:;>''■'.  .\  -yn-zlinal  ajAi-x  of  P'jcono  was  asccndel 
'/vr-r  If'-rrr^i'^n.  on  rr..-  Siis/iuehanna.  then  a  train  ride  through 
»■!'•  riv-  Aatfrr  ;:a|>-  t«i  Harri-lnir^.  A  half  day  was  given  to 
♦:i»-  «!xrr;tor«'linar;.  ir:rarvlf:r^  of  Concfluquinet  creek,  and  i 
rii'iriiiti;^  To  rii»-  i/ftn;,''  .»f  Arcliean  of  South  ^[otlntain  at  Rea»I- 
■.u'^_.      1 1 1< :!!'•!  t lit;  pan;,  n.-tumed  direct  to  Xew  York  by  rail. 

I'.'  I'h\-I.:i  (  M\;,   MiNJVj  IN    PHNNSVLVAXIA.       In   iSqi  lb. 

fiMiiilHT  of  l/iTiii:iin. iiir  I'.al  mines  in  operation  in  Pennsylvania 
•. ;i-  7r>3.  uhili:  mm  Jaimary  isi.  1901,  the  number  had  increa5t*ti 
1m  V4.V  'I"  in«n-a-<-  of  23X.  or  more  than  twenty-five  per  cent 
^onii-r-rf  aiui  Ann-iron;^  counties  have  doubled  the  nuniJjer 
of  tlii-ir  iiiin«>.  aivl  <  anihria  county  almost  so.  In  the  p>as: 
•  li'.i'lr  .Mlrj^Muny  lia-  ^^'lined  thirteen:  Aniistrong.  eleven: 
r.«;n«-r.  tlin«-:  l'.<»lfonl.  hvt-:  1 5utler.  three  ;  Cambria,  fifty- fonr: 
'  «  nti  r.  t^M-lvc:  rUarfid*!.  six:  FJk,  nine:  Favette,  thirtv-tw:. 
I  {imf iiiLi^oM.  f«»iir:  Inrliana.  sixteen:  Jefferson,  eleven:  Somer- 
-■1.  fIiin\-fonr:  W'ashinj^Mon.  six.  and  Westmoreland,  tweniy- 
-iv  'I  hr  r«»iiii!i«-^  >lio\\iii;r  lo>ses  are:  Blair,  one;  Bradfor:'. 
iliiir:  Mcptr.  tivr.  aii<l  'i'iM«^ra,  three.  The  remarkable  rr 
'  r.;i,i-  li;i.  Imcii  -rratcr  fluriii;;^  the  prirnl  iSt^-Kjoo  than  in  a'" 
n\\"  V  ■.  •  :ir  "\  I  In-  'ici-.'itlr.  (  aptain  liainl  Ilalbersladl.  of  ]':^t:'- 
\\\\'-.  i'<»rinril\  ;i^-i<.iam  ;4:<-i»lonrij;t  of  the  (jeoloj^cai  Survvv  ■: 
r«  ii'i-\  1\  .'iiiia,  li;i^  jii^t  I'Diiipleted  an  elaborate  and  extreniv/ 
\;ilii;il)li-  ;n.'t]»  wf  \]\r  liitniiiiiii »iis  coal  fields  of  the  state,  sh-'w:-..: 
ill.'  i'.ii«Irvi!M|,i.(|  and  (K-\rli>pi-(l  areas  with  the  location  r»f  cvv' 
.  "iii'.'.i'i'i.il  c.  .<'i:  mint-  -if  ilu-^t'  retrions. — Mines  ami  .l/r.-t-.' 
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TCK   OF    THE    LIFE   AND    WORK    OF 
AUGUSTUS    WING. 

By  Henry  M.  Sbbly.  Middlebury,  Vermont. 

Portrait. 

In  this  loving  record  of  a  portion  of  the  life  and  work  of 
he  reverend  Augustus  Wing,  the  writer  can  scarcely  proceed 
^wthout  at  once  caUing  attention  to  two  facts  that  come  inci- 
dentally into  the  stor}'.  The  first  of  almost  universal  recogni- 
tion is  that  the  science  of  geology  up  to  a  very  recent  date  has 
largely  been  wrought  out  by  persons  engaged  in  teaching. 
Their  results  have  in  the  main  been  made  possible  by  the  wise 
husbandry  of  school  vacations  together  with  the  economical 
use  of  hours  between  exacting  class-room  duties. 

The  preparation  of  an  address  that  fellow-workers  will  care 
to  remember,  or  of  papers  which  they  will  care  to  read  and  re- 
read are  the  results  of  long  time  and  labor,  and  these  contribu- 
tions represent  only  a  fraction  of  what  they  have  really  accom- 
plished. This  labor  of  love  may  properly  be  regarded  as  an 
overflow.  The  field  of  science  has  been  made  fertile  by  this  ir- 
rigation. 

Exceptions,  indeed,  there  are  that  at  the  same  moment 
startle,  inspire  and  depress,  as  when  some  favored  genius  sends 
forth  in  quick  succession  notable  contributions  to  science.  This 
is  the  exception ;  the  rule  holds.  The  rare  occasional  j)apers 
have  been  the  revelation  of  thoiii^hts  and  rcsearclics  of  well 
filled  hours  coming  between  lecture  and  lecture,  or  left  over 
from  other  professional  work. 

The  other  fact  of  rarest  recognition  is  that  science  mav  he 
the  richer  from  the  go<xl  service  rendered  by  one  who  never 
made'  a  popular  address  nor  i)resente(l  to  society  or  editor  a 
valuable  scientific  paper. 


2  The  .-/"itTtfUK  Geologist. 

The  -iili;t,i-t  of  this  -ketch,  the  reverend   A^ 
wa-  h'lrn  at  H'«-hi.-.ter.  Wrmrint,  November  t'j.  iS 

W'r  ntifi  nf.t  (f-i  far  ^'^^^  to  cstaMish  the  » 
i-t'K  V,     Jamt.--  W'inff.  of  HarflwicW,  ^[ass..  the  j;rand£a 
a  n;ttiiliiT  of  tht-  "I  ommittee  r>f  Correspondence" 
'la>:i  of  t!u-  Amt-rican  n-viJiitir^.     The  father,  alsu  J 
a   v'lliint^TtT   from   Har<Iivick   in  the  second 
liritaitt. 

To  tin-  home  of  the  first  Jame*.  the  grandfaiher,  4  

t'-rii  cliilflri.-n.  The  thiH  sfm,  the  sixth  of  the  familr,  nuwd 
lor  hi-,  father,  frrcw  to  earl>-  manhnrxl  in  Hardwick.  He  ni' 
tioti-'!  for  crcat  iiistnuity  and  sturdy  self-reliance,  quaHtie- 
imuh  rci'ltil  in  those  days  of  pirjnetr  life.  This  James,  vhh 
otlicr  (.ntiTpri'.intr  men.  found  his  way  to  Rochester,  when  for 
a  little  hr  -jx-nt  his  summers.  When,  howe\'er,  the  pbcr  at 
ko<-lie:<tiT  had  in  part  tfecn  prcparefi  as  a  home,  he  w^fiis 
voiint;  HJfi-,  Hannah  \Vethcr)>ce,  in  the  springs  of  l8of,  kft 
I  lantivick  f<>r  a  permanent  place  in  Rochester.  It  MraM-tL^intt- 
liaik  jonnu'>  tliey  had.  lUazed  trees  marked  the  wajibviBi 
\va-  to  In-  their  home  nesi.  hus)>and  and  wife  each  canjiagi 
Hcdf,diii.ir  jjen-hed  on  the  saddle. 

To  the  two  sons  hronjrln  from  Hardwick  was  aidded  the 
third.  Augustus,  at  the  aliove-mentioned  date,  Xovember  19. 
iSdK.  1  nhi-r  cliildreii,  ^oiis  and  daughters  came  to  the  family, 
iinlil  llie  iiumluT  in  all  was  eleven. 

'I  lit-  iliildren  enjoyed  such  schiMit  privileges  as  PuiHtaii 
piom<r-  Mere  always  and  early  accustomed  to  give.  Tht 
lallii-r  of  Aii;;u-nis  prized  the  advantafjes  of  higher  schwiU  ci 
s\\\'uU  111-  had  lueii  dej.rived  in  ]>art.  and  he  looked  with  fav..r 
on  the  iilaii  of  die  -on  when  lie  prO|>oscd  to  carry  his  studies 
lieyniid  die  ranye  whieli  the  home  school  afTorde*!.  On  the 
oilier  -icli-  ..f  the  <  jreni  mountains,  lo  the  west,  settlements  liaH 
licTi  made.  iMi'lier  than  ihal  at  Koclivstcr;  the  comforts  afnl 
[iii\ili  i^r-  ..f  sui-ii  life  had  onirun  those  of  the  eastern  side. 
Ili^li  -ili^i.K  an<l  Jtiaileinii's  hail  already  In-en  founded.  S<i 
uii.ti  \--\mii  Aii^nsiii<  wished  to  pursue  his  studies  further  he 
li:ii|  i:.  ri.>"  di<'  iin'iimaiii  raiijie.  A  schimt  of  i>ast  and  present 
liiL;ii  ri]iiiii-.  die  Miirr  inid  Hiirton  Seunnary,  at  Manchester.  Vl., 
:in!:nii.)  Iiiiii.  :iiid  here  wiili  Wis  father's  appmval.  he  enten.'ii 
ii|:..ti  ,-:il.-^:.-  |i-i|jar;n..)->  sludies.      In  iS,i5  he  was  admitted  t-. 
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Life  and  Work  of  Augustus  Wing. — Secly,  3 

Amherst  College  and  graduated  with  his  class  in  1839.  His 
studies  were  of  great  interest  to  him ;  mathematics,  physics  and 
the  languages  especially  were  a  great  delight  to  him.  After  his 
college  graduation  he  went  to  Andover  Theological  Seminary, 
where  from  1840  to  1842  he  studied  in  preparation  for  the  gos- 
pel ministry. 

The  records  in  the  hands  of  the  writer  are  too  scant  to  per- 
mit him  to  speak  with  authority  in  regard  to  this  early  period  of 
Mr.  Wing's  professional  life;  and  of  his  ahility  as  pastor  and 
preacher.  This,  however,  may  be  asserte<l :  Friends,  acquaint- 
ed with  his  high  attainments  at  Amherst  and  Andover,  and 
knowing  his  rare  mental  endowments,  thought  him  to  be  enter- 
ing a  field  wide  in  influence  and  rich  with  the  promise  of  use- 
fulness. They  say  of  his  discourses,  that  they  were  logical, 
sympatlietic,  impressive  and  often  ekxjuent. 

Rut  Mr.  Wing's  work  was  not  to  consist  alone  in  preaching. 
Early  in  his  ministry  a  sudden  wrench.  i)erhaps  a  great  disap- 
pointment *' where  he  had  garnered  up  his  heart"  came  to  him. 
He  stepped  aside  from  the  path  that  had  seemed  so  plain,  but 
now  uncertain  to  him,  and  walked  alone  in  another,  that  of 
teaching.  Teacher  and  investigator  he  became.  Not  at  all 
did  he  abate  his  interest  in  the  studios  he  loved  in  his  vears  of 
preparation.  The  truths  of  the  scriptures,  and  the  languages 
in  which  they  were  originally  written  were  a  source  of  interest 
to  him.  And  so  when  the  week  day  teaching  was  done  or  the 
week's  exj)loration  was  over,  he  was  ready  to  give  Sunday  and 
r>ihle  instruction  to  such  as  were  waiting  for  a  mental  and  s])ir- 
itual  rej)lenishment. 

Academies  and  high  schcK)ls  w<Te  fortunate  when  they  se- 
cured Mr.  W  ing  as  princij^al.  His  j)npils  never  forgot  his  ini- 
])ressive  ways  of  instruction.  I  lis  method  of  teaching  looked  to 
the  annisal  of  the  highest  intellectual  ])owers  of  his  scholars. 
Thought  stinuilated,  investigation  undertaken,  individual  judg- 
ment exercised,  were  in  Mr.  Wing's  e>tiiiuition  of  far  greater 
value  to  file  ]>upil  than  the  actjui^ition  of  many  facts  from 
printed  l)age.s.  The  young  ])eople  he  trained  never  forgot  their 
teacher.  His  example  ini|)resse(l  them  powerfully,  and  under 
his  training  they  ac(|uired  an  originality  of  investigation  and  an 
inde|>endence  of  thought  that  were  of  litV-long  value  to  them. 

It  may  not  he  (juite  jjossihle  to  say  why  a  single  one  of  the 
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The  task  for  one  of  Mr.  \\'ing\s  surroundings  was  immense. 
The  problem  was  intricate  and  one  that  took  years  to  solve. 
In  the  solution  appeal  must  be  made  to  the  rocks  themselves. 
It  is  asserted  that  the  feet  of  this  explorer  have  stood  upon  every 
square  rod  of  exposed  rcKk  within  the  region  of  his  survey. 
The  lithological  character  of  the  rocks,  their  dip,  their  order, 
their  fossil  contents,  all  must  be  known.  He  care  full  v  noted 
the  superposition  of  the  rocks,  measured  the  dip  with  a  clinom- 
eter of  his  own  construction,  and  sought,  with  wonderfully  ob- 
servant eves  for  traces  of  fossils. 

The  rocks  of  this  region  had  been  so  folded,  broken  and 
Avorn  that  at  first  their  true  position  was  uncertain.  The 
fossils,  too,  in  the  partly  metamorphosed  rocks  were  mostly 
faded  and  obscure;  their  identification  difficult.  But  as  the 
secret  of  the  age  of  the  fonnation  must  be  unlocked  by  these 
fossils,  this  key  was  most  carefully  and  in  time  successfully 
sought.  Many  of  these  fossils  Mr.  Wing  himself  determined, 
but  for  verification  and  in  cases  of  doubt  he  turned  to  Mr.  Bill- 
ings, of  the  Canadian  geological  survey,  from  whom  he  received 
courteous  attention  and  generous  help. 

So  the  search  went  on  for  years,  summer  and  winter,  holi- 
days and  vacations.  Holidays  gave  Mr.  Wing  opportunity' for 
investigating  the  near-by  rocks,  vacations  afTord'^d  him  time 
to  visit  far-away  places  in  the  state  or  in  adjoining  states, 
wherever  he  ho])ed  he  might  get  light  upon  his  ])robleiii.  It 
was  as  though  he  were  working  at  a  broken  and  tangled  skein. 
r»y  study  of  the  coni])osition  of  tlie  nx'ks.  by  the  use  of  the 
clinometer,  ])ut  a1x)ve  all,  by  the  careful  comi)arison  of  fossils 
he  disentangled  the  knotted,  broken  skein  and  by  ])lacing  the 
separate  threads  beside  each  other,  he  arrived  at  a  knowledge 
of  the  true  relation  of  thread  with  thread;  he  determined  the 
right  order,  the  real  secjuence  of  the  rocks.  His  ])r()l)leni  was 
sr»lved  I 

The  ])roblem  :  the  age  of  the  limestones  of  the  ( )tter  valley, 
with  the  asscK'iated  sandstones  and  slates.  The  rocks  were 
those  designated  Lower  Silurian  ;  the  sandstones  were  the  Lower 
and  l|)])er  Potsdam,  the  semi-crystalline  limestone,  the  "Eo- 
lian"  was  not  a  single  formation,  hm  was  made  up  of  rocks  of 
the  age  of  the  fossiliferous  formations  ah^ng  the  lake  shore, 
now  known  as  lieckmantown.  I'liazv,  lUack  River  and  Trenton  ; 
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professor  Dana  and  a  party  of  geologists  at  Great  Barrington, 
Mass.,  and  there  began  to  unfold  his  theory,  verifying  each 
position  as  they  traveled  through  the  Berkshire  hills,  and 
Hoosac  valley,  and  made  their  way  north,  traversing  the  entire 
length  of  his  native  state,  crossing  and  recrossing  the  Green 
mountain  range,  by  which  time  his  theory  had  given  place  to  a 
deep  conviction  that  it  was  correct.  To  Mr.  Wing  this,  with- 
out doubt,  was  a  moment  of  great  triumph,  when  the  great  im- 
portance of  his  contribution  to  science  was  thus  recognized  by 
the  highest  authority  in  America — perhaps  the  highest  in  the 
world.'' 

It  is  not  to  be  asserted  that  all  obscurities  of  the  region,  such 
as  the  relations  of  the  lower  to  the  upper  Potsdam,  the  slates  at 
the  middle  and  southern  part  of  the  state,  the  exact  age  of  the 
most  disturbed  and  metamorphosed  strata  near  the  quartzyte, 
have  been  fully  removed.  But  in  the  main  what  was  to  be  done 
had  been  done,  and  Mr.  Wing  made  good  his  early  assertion, 
"That  all  the  rocks  in  Addison,  Rutland  and  Bennington  coun- 
ties between  the  great  break  on  the  west  and  the  quartzyte  on 
the  east  were  Lower  Silurian."  The  minor  facts  he  could  put 
over  for  later  time,  or  leave  indeed  to  others  who  should  catch 
enthusiasm  from  the  work  and  the  success  of  the  master. 

It  would  have  been  fortunate  for  science  if  Mr.  Wing  could 
^jave  written  out  his  observations  and  discoveries.  This  work 
he  fully  intended  to  do.  But  he  found  so  much  in  the  field  that, 
as  he  thought  still  demanded  his  attention,  the  writing  was 
put  oflF.  He  was  ever  finding  his  delight,  as  well  as  his  reward, 
in  his  discoveries ;  so  he  neared  his  bound  without  having  re- 
ceived personally  the  appreciative  acknowledgment  his  fellow- 
workers  would  have  gladly  accorded  him. 

The  work  in  the  field  of  the  season  of  1875  had  been  severe 
and  exhausting  to  him,  now  advancing  in  age,  and  he  retired 
to  Whiting,  Vt.,  to  accept  the  ministries  of  a  sister  and  her  fam- 
ily. Here  this  stalwart  man,  with  large  frame  and  great  heart, 
with  the  broad  intellectual  range  of  the  mature  man,  and  yet 
with  the  simplicity  of  a  child,  of  great  good  nature  and  in- 
capable of  resentment,  over-flowing  with  enthusiasm  and  kind- 
ling like  enthusiasm  in  others,  came  to  take  a  needed  rest. 

Undiscovered  truths  of  his  loved  science  were  beckoninc; 
him  on.     But  there  were  other  discoveries  and  other  beckon- 
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BEACH  STRUCTURE  IN  MEDINA  SANDSTONE. 

H.  L.  Paikchild,  Rochester,  K.  Y. 
PLATES  Il-VI. 

Since  Dr.  James  Hall  published,  nearly  sixty  years  ago,  his 
^'Geology  of  the  Fourth  District,"  the  Medina  sandstones  of 
western  New  York  have  been  regarded  as  shallow-water  de- 
posits. On  pages  34  to  57  of  that  remarkable  work  he  describes 
the  markings  which  occur  in  great  profusion  in  the  sandrock 
and  compares  them  with  the  features  that  he  had  studied  on 
the  living  beach  of  Ontario.  It  is  a  fine  example  of  inductive 
reasoning,  and  seemed  to  determine  past  all  question  the  shoal- 
-water  genesis  of  the  Medina  sands.  While  the  lower  strata 
and  the  clayey  beds  were  thought  to  indicate  relatively  deeper 
water,  the  quartzose  bed,  as  at  Lockport  and  Medina,  were 
"evidences  of  a  sandy  beach  which  was  alternately  washed  by 
the  advancing  and  retiring  waves  and  again  left  dry  and  above 
their  reach." 

Subsequent  workers  on  the  Medina  have  followed  Dr. 
Hall's  conclusions,  apparently  without  question,  until  a  recent 
paper  by  Dr.  Gilbert,  which  interprets  certain  curving  and 
crested  structures  in  the  sandstone  as  "giant  ripples"  formed 
in  deep  ocean.* 

In  examination  of  the  Medina  sandrock  in  numerous  ex- 
posures and  quarries  between  Rochester  and  Lockport  the 
writer  has  found  no  reason  for  questioning  its  origin  as  beach 
sands,  and  believes  that  the  ridges  and  hollows  in  question  are 
typical  beach  structures.  In  this  paper  it  is  proposed  to  briefly 
state  the  facts  and  argument. 

Character  of  the  Satid  Rock. 

The  red  Medina  of  western  New  York,  1075  ^^^^  thick  at 
Rochester,  is  mostly  an  arenaceous  shale  and  unfit  for  building 
material.  In  the  upper  horizon,  and  lying  at  the  surface  in 
the  region  of  Brockport,  Holly,  Albion,  Medina,  and  Lockport. 
are  thick  lenses  of  nearly  pure  sandstone,  in  great  demand  for 
paving  and  buildings.  Very  thin  laminse  of  clay  occur  in  the 
seams  of  the  sandrock,  particularly  in  the  concave  partings. 
Locally  the  clay  may  constitute  definite  beds  or  may  alternate 
with  the  sand  layers.     The  particular  point  is  that  the  sand- 

•  "Ripple  Marks  and  Cross-bedding."  Bull.  Geol.  Soc.  Amer.,  10-135. 
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The  most  interesting  and  significant  of  these  structures  are 
the  sharp-crested  ones.  Examples  are  shown  in  figures  2, 
5  and  8,  plates  II,  III,  IV.  Figure  5  shows  the  one  which 
gave  to  the  writer  the  clue  to  their  origin.  The  photograph 
does  not  properly  show  the  clean,  sharp,  straight  crestline. 
Nor  does  it  show  what  was  at  first  a  surprise  and  puzzle,  the 
clear,  unmistakable  wavelines  that  swing  across  the  crest  in 
varying  curves.  The  overwash  of  the  waves  seemed  incon- 
sistent with  the  preservation  of  the  sharp  crestline.  But  this 
made  necessary  the  study  of  the  living  beach,  with  the  result 
that  precisely  similar  structures  were  found  upon  the  beach  of 
lake  Ontario;  and  the  process  of  their  construction  was  stud- 
ied. 

Figures  10-12  and  15.  plates  V,  VI.  are  from  pho- 
tographs of  such  ridges  on  the  Ontario  beach  at  Sea  Breeze, 
near  the  outlet  of  Irondequoit  lake.  Figure  10  was  taken  late 
one  afternoon  while  the  lively  waves  and  currents  were  build- 
ing the  ridge.  Figures  11  and  12  show  the  same  ridge  the 
next  morning  when  the  formative  process  had  ceased.  This 
ridge  was  built  on  the  flank  of  a  larger  ridge  formed  a  few 
days  previous  by  a  windstorm  of  greater  force.  Between  the 
two  ridges  is  a  decided  trough,  into  which  in  this  case  has 
been  thrown  the  wreckage  of  water  plants.  The  ridge  and 
hollow  would  on  cross-section  illustrate  those  formed  millions 
of  years  ago  on  the  sand  beaches  of  the  ^^edina  sea.  This 
trough  had  a  breadth  of  perhaps  ten  feet,  but  others  formed 
the  same  day  along  the  same  shore  were  twenty  and  thirty  feet 
wide.  The  breadth  of  the  trougli  is.  however,  of  little  signifi- 
cance as  the  trough  is  only  a  negative  or  passive  clement  and 
depends  upon  the  accident  of  location  of  the  second  ridge  with 
reference  to  the  earlier  ridge.  The  width  of  the  same  trough 
is  also  very  variable.  On  the  sea  shore,  with  changing  level 
of  tidal  waters,  the  ridges  might  sometimes  lie  far  apart. 

In  figure  10  we  are  lcK)king  along  the  crested  ridge  in  the 
direction  of  its  growth  as  a  s])it.  I>efore  leaving  the  beach, 
late  in  the  afternoon,  several  stakes  were  set  at  intervals  ex- 
actly in  the  crestline.  At  the  end  of  the  growing  spit  a  black 
post  was  set  on  the  center  line  and  at  the  heiglit  estimated  as 
the  average  waterlevel.  This  post  ap])ears  in  figure  12.  The 
following  morning  another  visit  was  made  to  the  place  and 
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At  points  where  shoreline  topography  or  streams  produce 
diversion  or  conflict  of  currents  the  embankments  may  lie  in 
different  directions  and  may  even  enclose  basins.  Figure  15, 
plate  VI,  show  such  a  basin  at  the  outlet  of  Irondequoit,  and 
figure  14  shows  a  similar  basin  in  the  Medina,  where  basining 
dip  is  not  infrequent. 

Argument  against  "giant  rifplesf* 

1.  For  troughs  30  feet  across  Mr.  Gilbert  suggests  waves 
of  the  Medina  sea  60  feet  high.  But  the  highest  waves  of  the 
Atlantic  are,  according  to  Scoresby,  only  43  feet  high.  On 
the  other  hand,  the  wTiter  has  seen  troughs  in  the  Medina 
sand  rock  up  to -even  80  feet  across. 

2.  If  these  ridges  were  deep-water  ripples  then  we  should 
expect  to  find  ripples  of  all  lesser  sizes  down  to  the  common 
form.  Can  any  geologist  report  true  ripples  broader  than 
three  or  four  inches? 

3.  If  these  ridge-and-trough  structures  were  deep- water 
phenomena  then  they  should  be  common  features  in  all  deeper 
water  deposits,  as  shales  and  limestones.  Figure  6,  plate  III,, 
shows  a  section  in  the  old  Whitmore  quarry,  north  of  Lock- 
port.  The  absence  of  curving  structure  in  the  shale  is  appar- 
ent, while  a  large  concavity,  40  feet  across,  lies  in  the  heavy 
bottom  stratum  of  sandrock.  This  sand  stratum  is  the  same 
horizon  as  the  one  containing  Mr.  Gilbert's  ridges,  shown  in 
figures  7,  8  and  9,  and  is  aljout  60  rods  westward. 

As  '*giant  ripples"  these  ridges  should  occur  in  series  or 
succession  of  uniform  direction,  liight  and  spacing.  (Jn  the 
contrary  they  are  usually  isolated  and  single  and  in  the  same 
quarry  lie  in  diflFerent  directions.  The  nearest  approach  to  a 
series  of  crested  ridges  that  has  been  found  is  shown  in  figure 
2.  plate  II.  It  will  be  seen  that  the  ridges  in  this  view  are 
of  diminishing  size  toward  the  right,  while  the  larger  ones  at 
the  left  are  rounded  and  without  crests.  These  characters 
agree  precisely  with  those  found  on  the  mcxlern  beach.  It  is 
only  a  series  of  diminishing  size  that  can  be  formed,  since  a 
stronger  storm  necessary  to  make  the  larger  ridge  would  cause 
the  waves  to  override  the  previous  smaller  ridges  and  destroy 
them.  The  older  ridge,  exposed  to  the  air  and  drying,  sfK>n 
loses  its  crest,  if  it  had  one,  and  assumes  the  rounded  form 
seen  in  figure  2,  plate  II,  and  in  figure  10,  plate  V^. 
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5.  The  thin  clay  partings  which  occur  in  the  seams  of  thq 
hollows  are  inconsistent  with  uniform  deep  water  conditions, 
but  are  more  easily  explained  as  beach  phenomena.  The  mud- 
dy water  often  left  in  a  trough  after  the  storm  will  drop  its 
finer  material,  which  was  held  in  suspension,  and  so  produce 
the  clavev  laver. 

6.  The  crests  of  the  ridges  are  sometimes  truncated,  whicli 
suggests  erosion  of  previous  deposits,  and  implies  shallow  wa- 
ter. 

7!  The  surfaces  of  the  ridges  sometimes  bear  the  common 
small  ripples,  one  to  three  inches  across.  Figure  9,  plate  IV, 
shows  such  small  ripples  over  the  crest  of  the  ridge  shown  in 
figures  7  and  8.  (The  arrows  placed  on  figures  7  and  8  point 
out  the  location  of  the  ripples.)  Their  size  may  be  estimated 
from  the  foot-rule  lying  beside  them.  The  lower  seams  of  the 
ridge  also  bear  suggestion  of  fine  rippling. 

8.  The  ridges  sometimes  preserve  the  marks  of  the  waves 
that  softly  glided  up  or  over  them.  As  described  above,  wave- 
lines  showed  clearly  on  the  ridge  photographed  for  figure  5, 
but  are  not  brought  out  in  the  view.  Wavelines  are  quite  un- 
mistakable features  and  their  presence  would  seem  to  make  the 
conclusion  unavoidable  that  the  deposits  which  hold  them  are 
beach  deposits. 


THE  MICHIPICOTEN  HURONIAN  AREA. 

A.  B.  WiLLMOTT,  Sault  Stc  Marie.  Ont. 

On  the  norihcast  shore  of  lake  Superior  is  a  tract  of  about 
5.000  square  miles  kiK)\vn  as  the  '*Michii)icoten  Mining  Divis- 
ion." ()ri,q;inally  set  apart  because  of  the  discovery  of  gold- 
hearin^q;  (juartz,  it  now  promises  to  l>ecome  of  more  importance 
by  reason  (>{  its  iron  bexls.  The  tracing  of  the  iron  belt  diir- 
iiiiT  the  past  summer  has  g"iven  some  better  idea  of  the  geolog- 
ical structure  than  was  ])reviously  kiKjwn. 

The  oldest  rocks  of  the  .district  are  the  greenstone  schists. 
Some  of  these  are  undoubted  lava  Hows,  showing  the  charac- 
teristic elliptical  structure  described  by  Clements.*  as  occur- 
in"-  in  the  Crvstal  I-'alls  Hemlock  formation.  At  a  number  of 
]).oints  aj^^^i^lomerates  are  found,  as  at  Little  Tiros  Cap  fish  sta- 
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tion,  north  of  Goetz  lake,  east  of  Manitowick,  and  elsewhere. 
Commoner  occurrences  are  the  various  green  schists,  chlorite, 
hornblende,  mica  and  sericite  schists.  Presumably  all  these 
schists  are  derived  from  lavas,  basic  and  acidic.  The  dip  of 
the  schists  is  always  nearly  vertical  and  the  strike  follows  close- 
ly the  line  of  contact  with  the  granite  to  be  described  later. 

Succeeding  these  schists,  perhaps  interbedded  with  them, 
are  the  earliest  sediments  of  the  region.  The  most  character- 
istic of  these  is  a  belt  of  ferruginous  chert,  which  has  been 
found  at  intervals  for  about  sixty  miles.  This  rock  consists 
of  banded  hematite  and  silica  with  usuallv  some  residual  car- 
bonate  of  iron.  The  bands  vary  from  one-tenth  of  an  inch  in 
thickness  up  to  several  inches.  The  silica  is  sometimes  very 
like  loaf-sugar;  again  it  is  like  quartzyte,  a  chert,  or  a  jasper. 
Red  jasper  is,  however,  not  infrequent.  The  hill  at  the  back 
of  the  Helen  mine  is  a  huge  mass  of  siliceous 'carbonates.  Tlie 
rocks  as  a  whole,  and  the  mode  of  occurrence  of  the  ore,  are 
strikingly  like  the  Lower  Huronian  iron  fonnations  oi  Mar- 
quette and  Tower. 

Resides  the  iron  formation,  beds  of  carbonaceous  shales 
and  limestones  have  been  recognized  at  several  points.  Shale 
occurs  interstratified  with  the  ferruginous  chert  at  Iron  lake. 
Near  Paint  creek  and  at  Eleanor  lake  it  has  also  been  found. 
Whether  it  always  underlies  the  iron  formation  is  undeter- 
mined, but  it  probably  iVH:?^  not.  The  cherty  limestone  has 
been  traced  in  a  fairly  continuous  line  from  the  Helen  mine  to 
the-  cast  of  Parks  lake,  a  distance  of  twelve  miles. 

( )verlying  these  sediments  is  a  very  ])crsistent  belt  of  scliist 
con^lonierace.  It  is  well  exposed  at  the  mouth  of  the  IXire, 
where  it  was  studied  ]\v  Sir  Willirni  Loc^an  and  (lescri])ed  bv 
him  in  the  (ieology  of  Canada*.  Colemanf  describes 
the  boulders  as  *'j:)^ranites  most  freciiiently,  then  quartzytes  or 
sandstones  with  pe])bles  generally  small,  next  i^reen  schists, 
then  felsyte  schists  and  porphyroids,  and  finally  a  few  gneisses, 
but  none  of  the  Laurentian  ty])e."  A  thin  section  of  one  of  the 
quartzyte  pebbles  showed  considerable  carbonate,  provin<^  that 
it  inidoubtedly  came  from  the  iron  formation. 

This  conglomerate  has  been  trac*!  ])retty  continiumslv  for 
thirtv-eicrht   miles   in   a   semicircular   bi'lt    around    the   cV'utral 
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( 1 )  Southeast  oi  the  Michipicoten  river  and  reaching  with- 
in nine  miles  of  this  area  is  an  unbroken  mass  of  granite-gneiss 
which  extends  120  miles  southeast  to  the  original  Huronian. 
If  there  is  any  Laurentian  in  the  country,  this  must  represent 
part  of  it.  This  Laurentian  area  extends  six  miles  farther 
northwest  in  broken  contact  with  the  green  schists.  Three 
miles  farther  the  area  under  discussion  bears  a  similar  relation 
to  the  same  schists,  though  between  there  lies  the  trough  filled 
with  Lower  and  L^pper  Huronian  sediments. 

(2)  The  two  areas  are  alike  lithologically,  and  might  well 
be  of  the  same  age. 

(3)  The  large  southern  area  is  in  eruptive  contact  with  a 
conglomerate  south  of  Michipicoten  falls.  This  conglomerate 
has  not  been  studied,  and  its  age  is  unknown,  but  it  cannot  be 
earlier  than  Lower  Huronian  and  is  more  likely  Upper  Huron- 
ian, as  no  Lower  Huronian  conglomerates  have  yet  been  recog- 
nized in  the  district.  Accordingly,  this  Laurentian  is  at  least 
post-Lower  Huronian,  if  not  later,  which  makes  the  equivalency 
in  age  of  the  two  areas  at  least  probable. 

It  will  be  urged  that  if  all  the  granite-gneiss  of  the  region 
is  post-Upper  Huronian  there  is  no  floor  om  which  the  early 
volcanic  flows  could  be  laid  down.  Possibly  Lawson's  sugges- 
tion regarding  the  Rainy  Lake  district  applies  here  also.  In 
both  regions  are  masses  of  green  schists  almost  vertical,  sur- 
rounding a  bathoHth  of  granite  in  eruptive  contact  with  them. 
Lawson  held  that  if  the  granite  was  the  original  crust  on  which 
the  volcanics  had  been  deposited,  it  had  afterwards  been  re- 
fused. 

At  the  Dore  the  pebbles  of  granite  were  Drobably  derived 
from  a  mass  now  beneath  the  waters  of  Superior.  Not  only  do 
they  differ  from  the  known  exposures  of  granite  to  the  north, 
but  the  cherty  pebbles  certainly  came  from  a  belt  on  the  south, 
only  a  few  hundred  feet  of  which  is  now  visible  on  the  penin- 
sula of  Gros  Cap.  The  way  in  which  the  conglomerate  encir- 
cles the  granite  suggests  that  originally  this  central  area  was 
a  water  basin.  I^he  conglomerates  surrounded  the  shores, 
and  doubtless  finer  sediments  occupied  the  center  of  the  depres- 
sion. The  granite  mass  was  then  upheaved,. and  the  schistos- 
ity  produced  in  the  lavas  and  sediments  through  which  it  ex- 
truded.    In  places  it  is  now  found  in  contact  with  the  Upper 
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gaming,  while  indecisive  because  of  poor  exposures  at  the 
critical  points,  confirm  Murray's  conclusions.  Only  I  would 
explain  the  facts  by  the  later  consolidation  of  the  eruptive 
granite-gneiss — not  by  a  fault. 

Several  geologists  have  divided  the  original  Huronian  in 
two,  making  the  break  either  above  or  below  Murray's  lime- 
stone band  (e).  While  it  is  true  that  occasional  pebbles  of  the 
.limestone  occur  in  the  Upper  Slate  conglomerate  I  do  not 
think  the  break  is  at  all  an  important  one.  It  is  what  Van 
Hise  himself  has  described*  as  an  intraformational  conglomer- 
ate to  be  carefully  distinguished  from  a  true  basal  conglomer- 
ate. The  two  slate  conglomerates  of  Murray  are  so  much 
alike  that  they  cannot  be  distinguished.  Where  the  limestone 
band  is  absent,  as  it  often  is,  they  join,  and  Murray  himselft 
confesses  that  he  could  not  draw  the  dividing  line.  The  real 
break,  I  am  convinced  lies  at  the  base  of  the  Lower  Slate  con- 
glomerate and  associated  quartzytes.  The  Huronian  o'f  lake 
Huron  is  thus  nearly  all  Upper  Huronian.  Logan's  Huronian 
at  Michipicoten  included,  however,  a  lower  formation,  charac- 
terized by  its  banded  jasper  and  iron. 

The  succession  of  Michipicoten  would  thus  be  : 

Keweenawan,  volcanics  and  sediments, 

Laurentian,  eruptives, 

L'pper  Huronian, 

Lower  Huronian,  volcanics  and  sediments. 

In  this  arrangement,  I  know  that  I  am  ignoring  the  con- 
clusions founded  on  a  supposed  basal  conglomerate  at  Thessa- 
lon  described  by  Pump>elly  and  Van  Hise.t  The  evidence  here 
docs  not  seem  to  be  very  decisive,  since  Barlow  §  interprets  it 
in  an  opposite  manner  and  after  a  recent  examination  I  incline 
to  his  view.  Moreover,  if  true  it  is  almost  an  isolated  case 
against  which  scores  of  observations  have  been  made  pointing 
to  the  eruptive  character  of  the  granite-gneiss.  The  con- 
clusions of  Barlow II  in  the  district  extending  from  the  Missis- 
saga  to  the  Ottawa,  seem  to  apply  equally  as  well  to  the  region 
from  the  Mississaga  to  the  Michipicoten  and  beyond. 

May  so,  ipoi. 


•Prin.  Pre-Camb.  Geol.,  p.  723. 

iRep.  Geol.  Sur.  1858,  p.  94.. 

XAm.Jour,  Sci,  1892.  xliii,  pp.  224-232. 

iOeol.  Sur.  Can.  x.  1897,  p.  93,  I  and  references. 

Illb.  pp.  59,  60,  92.  I. 
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The  Kansan  ice  sheet  left  the  territory  of  northeastern 
Missouri  as  a  remarkably  even  plain  sloping  gently  toward 
the  southeast.  The  pre- Kansan  erosion  topography  was  com- 
pletely obscured,  the  valleys  having  been  filled  with  drift 
(mainly  till)  to  a  hight  greater  than  the  rock  ridges,  so  that 
the  present  drainage  lines  do  not  conform  to  the  courses  of  pre- 
glacial  streams.  There  were  apparently  no  moraines  or  eskers  to 
interrupt  the  evenness  of  the  plain.  Although  this  original  drift 
plain  has  been  mainly  destroyed  by  subsequent  sub-aerial 
erosion,  by  looking  across  the  summits  of  the  main  divides  its 
outline  mav  be  distinctlv  seen.  As  in  the  case  of  a  dissected 
peneplain,  in  the  far  distance  the  valleys  disappear  from  view 
and  the  country  has  the  appearance  of  yet  remaining  undissect- 
ed.  It  seems  impossible  to  account  for  the  fact  that  the  crests 
of  the  main  ridges  of  drift  all  fall  into  a  single  plane  as  the 
accidental  result  of  the  deposition  of  drift.  ' 

Now,  the  Kansan  plain  of  northeastern  Missouri  has  been 
very  completely  dissected.  The  drainage  basins  are  long  and 
narrow,  but  the  vallevs  are  dendritic  in  character  and  the 
topography  typically  that  of  erosion.  The  main  valleys  have 
been  trenched  to  a  depth  of  100  to  150  feet  and  have  broad, 
flat  bottoms,  one-fourth,  one-half  or  not  infrequently  an  entire 
mile  in  width.  They  are  joined  at  frequent  intervals  by  tribu- 
tary valleys,  the  ridges  between  which  have  been  reduced  much 
below  the  original  plain  level.  In  fact,  it  is  only  along  a  few 
of  the  main  divides,  as  that  followed  by  the  Santa  Fe  railroad 
between  La  Plata  and  Moherly  that  tlie  original  ])lain  remains 
practically  undissected  for  a  width  of  as  much  as  one  mile.  It 
is  the  general  degradation  of  the  UT)lan(l  which  is  the  most 
striking  feature  of  ])ost-Kansan  erosion. 

Railroads  in  crossing  this  area  transverse  to  the  main 
streams,  as  does  the  ."^anta  l-'e  between  La  Plata  and  the  Des 
Moines  river,  only  reach  the  level  of  the  original  i)lain  at  rare 
intervals.  For  three,  live,  or  in  ])laces  ten  miles,  in  ])assing 
from  one  main  divide  across  a  basin  to  another  higli  ridge, 
they  are  much  below  llie  level  of  the  upland.  Probably  one- 
half  of  the  material  between  the  level  of  the  main  valley  bot- 
toms and  the  original  plain,  a  vertical  interval  in  some  sections 
of  ISO  feet,  has  been  removed  bv  erosion.  In  short,  in  terms 
of  the  geoniorphologists,lhe  lopograpliy  niay  ])e  said  to  be  com- 
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f>aratively  old,  for  the  valleys  occupy  a  large  part  of  the  sur- 
face, are  of  the  \^Mn  tvoe.  and  most  of  'the  ridges  have  ben; 
reduced  much  beLvw  the  original  level. 

Where  tht-  IlHnoian  ice  sheet  left  the  surface  as  a  gtntlv- 
slopincf  till  plain  as  in  western  Illinois  and  southeastern  Iowa, 
we  hnd  a  distinctly  ditterent  type  of  topograph  v.  X'alley?  are 
fairly  numerous  anrl  in  places  lOO  or  200  feet  deep,  but  they 
are  nf  the  canon  ty[>e  rather  than  of  the  basin  tvne  so  charac- 
teristic of  the  Kansan  areas.  Much  of  the  surface  has  been  re- 
duced but  little  1k:Iow  its  original  plain  level  and  the  railrTa-ii 
in  crossing  Illinoian  areas  transverse  to  the  main  drainage  lines 
are  most  of  the  time  on  the  plain  so  that  the  passenger  may 
leisurely  sturly  the  upland  country  while  on  the  Kansan  areas, 
as  alr<.-ady  mentioned,  he  catches  but  a  fleeting  glimpse  of  the 
<>\(\  plain  level  as  the  train  crosses  a  main  divide.  Surely  this 
rli  ff crence  means  something.  Probably  of  the  total  amount 
of  the  Illinoian  drift  l)etween  the  level  of  the  main  valley  bot- 
tf^ms  and  the  oricnnal  plain  there  has  been  removed  by  erosion 
no  more  than  one-tenth  or  at  most  one-fifth. 

Where  the  Illinoian  and  Kansan  areas  adjoin  as  in  L^ 
county,  Iowa,  the  contrast  in  topography  is  great.  The  vciy 
thoroughly  rlissected  and  much  eroded  Kansan  drift  is  over- 
hK»ked  by  a  broad  ridge  of  Illinoian  drift,  whose  comparativelv 
stee]>  .slopes. if  exposed  to  erosion  as  long  as  has  been  the  fomier 
district,  should  be  deeply  trenched  by  valleys;  indeed,  the 
moraine  should  Ik-  nearlv  destroyed.  For  about  one  mile,  iiist 
out>i<le  or  west  of  the  moraine,  the  Kansan  erosion  topography 
i•^  mostly  olxcured,  being  buried  imder  a  sheet  of  siltv  material 
of  llliu'Man  age.  It  is  here  evident  that  the  Kansan  area  had 
largely  received  its  present  old  erosion  topography  before  the 
Illinoian  drift  was  deposited  on  it. 

In  s«»utlieastern  Iowa  the  streams  in  the  Kansan  area  did 
n<»t  cut  down  t«)  so  threat  depth  as  in  Missouri,  the  larger  pre- 
IIlin»)ian  valleys  apparently  liaving  had  a  depth  of  onlv  50  or 
'K)  feet.  tliMUL^li  \]u'y  had  a  width  of'one  or  two  miles.  On 
].a.L:r-  K'^  "f  111-  admirable  nn»nograph  on  the  **Illinois  Glacial 
L"l)e."  Mr.  L(\rreit  says;  "In  the  district  occupied  bv  the 
l\;m>a!i  tin  t  r«>si(.n  is  >"  great  that  only  narrow  remnants  of  the 
'•rii^inal  (Irifi.  plain  are  preserved,  ah.mg  the  water  partings.  Rut 
in  tile  'li-irin  Mrcnj)ied  by  the  Illinoian  more  than  half  of  the 


Age  of  the  Kaitsan  Drift  Sheet — Hershey.  23 

original  drift  plairi  is  preserved,  and  that,  too,  on  the  inime- 
liate  borders  of  the  Mississippi  where  conditions  for  erosion 
we  more  favorable  than  in  the  area  to  the  west  which  is  occu- 
pied by  the  eroded  Kansan  sheet.  The  great  contrast  in 
uncHint  of  erosion  supports  strongly  the  view  that  a  longer  in- 
rerval  elapsed  between  the  Kansan  and  Illinoian  glaciations 
chan  between  the  Illinoian  and  the  present  time."  To  one 
nrho  has  given  any  attention  to  erosion  studies  in  the  district 
referred  to  the  above  conclusion  appears  ijuite  conservative. 

In  situations  such  as  these  old  drift  plains,  the  Wisconsin 
drift  sheet  has  suflfered  practically  no  erosion,  and  the  lowan 
also  verv  little.  These  two  sheets  are,  therefore,  verv,  verv 
recent  as  compared  with  the  older.  In  northwestern  Illinois 
where  the  countr\'  was  hilly  after  the  deposition  of  the  drift, 
there  is  abundant  evidence  that  the  Illinoian  or  earlier  sheet 
is  much  older  than  the  lowan,  but  if  it  were  so  old  as  the 
Klansan  it  must  have  been  almost  completeb^  destroyed  by 
erosion.  The  eskers  show  great  erosion,  yet  if  of  Kansan  age 
thev  should  be  reduced  to  low  rounded  mounds  instead  of  the 
sharp  peaks  which  they  present.  I  think  as  a  result  of  these 
comparative  studies  that  there  can  be  little  doubt  of  the  Illi- 
noian age  of  the  drift  in  northw^estern  Illinois  formerly  known 
as  Kmusaii. 

There  is  another  phase  of  the  subject  to  which  I  wish  to 
call  attention  as  it  is  a  matter  which  I  believe  has  not  yet 
been  discussed  by  anyone :  As  the  evidence  shows  tliat  the 
Kansan  drift  sheet  is  very  much  older  than  the  Illinoian  and 
later  sheets,  it  may  be  suspected  that  it  is  even  of  greater  age 
than  the  Quaternary  era  as  the  term  is  usually  understood. 
The  erosion  effected  on  the  Kansan  drift  plain  is  as  great  as 
many  have  been  willing  to  credit  as  the  capability  of  the  entire 
Quaternary  era. 

In  passing  off  of  the  Kansan  drift  on  to  the  unglaciated  area 
of  southern  Missouri,  I  was  surprised  to  tind  that  the  type  of 
the  erosion  topography  did  not  materially  change.  Where  the 
tilting  of  the  original  plain  surface  was  slight  and  the  streams 
did  not  cut  down  deeper  than  in  northern  Missouri,  the  yall;"/s 
had  the  same  shape  and  about  the  same  amount  of  the  plain  re- 
mained. In  the  vicinity  of  Tipton,  along  the  main  diyide  be- 
tween the  Missouri  and  Osage  riyers,  there  is  a  tlat  plain  of 
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f^reater  wi<lth  than  that  at  Moberly  in  northern  Missouri,  his 
i  oiinded  on  either  hand  by  more  deeply  trenched  vallev>  thar. 
ihose  in  the  neij^hborhood  of  the  Mol>erly  plain. 

In  jireneral.  I  should  say  that  under  like  conditions  a>  to 
stream  gradient,  the  valleys  of  southern  Missoun  are  aS.-a 
twice  as  larjj^e  as  those  of  northern  Missouri.  Of  course,  the 
( )zark  region  has  been  abnormally  uplifted  and  in  a  large  pof- 
tion  of  it  erosion  trenches  are  much  deeper  than  in  any  partnf 
northern  Missouri,  but  where  conditions  have  been  essentiaHy 
alike  ( except  for  material  enxled )  there  is  far  from  a?  greai 
difference  in  excavation  accomplished  as  we  should  expect  «• 
cejn  under  our  j)revious  conceptions  of  the  age  of  the  Kansan 
<  I  rift  sheet. 

If  we  compare  the  valleys  of  northern  Missouri  with  that 
Ix>rtion  only  of  the  valleys  south  of  the  Missouri  river  which  is 
below  the  .sup{H)sed  Lafayette  base  level,*  it  will  appear  iliai 
tliere  is  .^^carcelv  anv  difference  in  the  amount  of  material  re- 
moved  by  streams  of  an  e<|ual  size  and  an  equal  gradient:  if 
there  is  any  difference  it  is  in  favor  of  the  ix>st-Kansan  valleys 
of  the  drift  area.    However,  we  nutst  remember  that  the  vallev* 

0 

(.f  one  re<,nV)n  are  carved  almost  exclusively  in  drift  and  in  the 
(.♦Ixr  in  solid  rock.  There  are  many  places  in  the  glaciated 
area  where  the  difference  in  power  of  resistance  to  en:>sion  oi 
ordinary  till  and  such  rock  as  commonly  occurs  in  the  Mi>- 
^i^sippi  basin  may  be  observed.  The  ratio  is  not  less  ih.ri  :•* 
I  15.  It  is  therefore  certain  that  the  valleys  of  northeni  Mis- 
souri have  not  been  exix)sed  to  erosion  as  long  as  the  p>>t- 
Lafayette  valleys  of  southern  Missouri,  and  we  have  no  rea>on 
for  carrying  the  age  of  the  Kansan  drift  back  into  the  Tertiar)' 
era.  Indeed,  from  the  relation  along  the  boundary  of  the 
glaciate<l  area  of  the  drift  .sheet  and  valleys  in  solid  rock,  it  ap- 
pears that  the  latter  had  been  eroded  to  largely  their  present 
extent  l)ef(>re  the  Kansan  epcnrh.  There  are  not  yet  known 
any  clear  cases  where  this  may  be  studied,  but  it  is  known  thai 
the  pK-k  surface  under  the  drift  of  northern  Missouri  is  ven' 
muveii  and  contain>  valleys  such  as  the  Ozarkian  valleys  m 
siMitlu-rn   .\li^sollri. 

1   have  delected   what   1   consider  evidences  in  the  Kansan 
area  near  1  ligginsville,  about  30  miles  north  of  the  Missouri 
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river,  of  remnants  of  the  Lafayette  formation  under  the  drift. 
If  the  identification  prove  correct,  the  Kansan  drift  will  thus 
be  demonstrated  to  be  newer  than  the  Lafayette  formation. 
True,  it  has  by  many  glacialists  been  so  considered  for  years, 
but  it  is  hardly  proven.  The  evidence  drawn  from  the  valleys  as 
given  above  is  as  yet  the  strongest  which  can  be  adduced. 

My  present  impression  is  that  between  the  close  of  the 
Lafayette  epoch  and  opening  of  the  Kansan  glaciation  of  the 
Missouri  region,  the  canon  valleys  of  southern  Missouri  had 
been  eroded  to  nearly  their  present  size  and  that  while  the 
great  post-Kansan  denudation  was  being  accomplished  on  the 
drift  plain  at  the  north,  erosion  south  of  the  Missouri  river  was 
confined  chiefly  to  a  widening  of  the  canon  valleys  which, 
while  relatively  small  as  measured  in  material  removed,  was 
yet  large  as  measured  in  time  occupied. 

In  conclusion,  I  submit  the  proposition  that  while  the  Kan- 
san epoch  is  probably  post-Tertiary  in  taxonomic  position,  re- 
cent erosion  studies  on  the  Kansan  drift  areas  cut  sadly  into 
that  supposed  long  preglacial  portion  of  the  Quaternary  era 
designated  the  **Ozarkian  sub-period**  and  when  the  still  earlier 
drift  sheets  have  been  correctly  placed  in  the  time  scale,  there 
niav  be  little  left  of  it. 

Berkeley,  Cai,  Feb,  2,  ipoi. 


THE   GEORGIA    BAUXITE    DEPOSITS;     THEIR 
'CHEMICAL  CONSTITUTION  AND  GENESIS.* 

By  Thomas  Leonard  Watson,  Geol.  Survey  of  GeorKia,  Atlanta. 

PLATE  VIL 

Introduction:  As  the  heading  implies,  the  object  of  this- 
paper  is  to  explain  the  chemical  constitution  and  genesis  of  the 
bauxite  deposits  of  the  Coosa  valley  region  of  Georgia  and 
Alabama.  The  discovery  of  bauxite  in  i887,t  a  few  miles 
northeast  of  Rome  in  Floyd  county,  Georgia,  was  the  first  ac- 
count of  this  mineral  found  in  the  L'nited  States.  The  first 
shipments  of  the  ore  were  made  in  1888,  and  the  entire  home 
consumption  of  bauxite  in  the  Ignited  States  has  been,  since 
1890,  from  the  Coosa  valley  dejxDsits  in  Georgia  and  Alabama. 
Although  commercial  deposits  of  the  ore  have  been  known  in 
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Arkansas  since  i^'j;!.*  practically  no  shipments  have  ye:  I^m:; 
ma^lf.  thmi^h  activt*  preparations  are  now  under  way  f-r  a 
lar^c  rmtpiit  in  the  near  future.  The  mode  of  rxrciirrerce  an! 
^cncsi^i  ni  the  defxjsits  in  the  (jeorj^ia- Alabama  and  Arkan-jai 
rlistricts  are  entirely  different. I 

The  <  ieorj^da-.Mahama  deix)sits  have  !>een  studie<l  in  c.-n- 
sirlt-rahle  detail  by  Si>encer.±  Hayes,  .  and  McCalleyJ  anil 
ther»ries  to  explain  their  orijjin  have  been  independently  ad- 
vanced by  S|K-ncer  and  Hayes,  which  differ  greatly  from  each 
other.  While  the  writer's  views  concerning  the  Ge«:>r£^a- Ala- 
bama bauxite  rejjinn  are  essentially  the  same  as  those  stated 
bv  Dr.  Hayes,  the  data  and  conclusions  in  this  paper  are  basri 
I)rifuarily  on  a  detailed  field  study  of  the  same  rejjion  (hiriniJ 

Since  the  physical  conditions  of  the  bauxite.  incliidinj[j  fomi 
ami  niofle  of  (jcciirrence,  and  the  intimate  relationship  in  the 
distribution  of  the  de|^)sits  to  the  structural  features  of  tlie  ; 
region  are  important  factors,  which  iKar  directly  on  the  gene- 
sis of  the  ore  iMxlies,  it  is  neccssarv  to  first  brief! v  review  the  . 
j^eneral  ^eoloj^ioal  conditions  of  the  area,  embracinjir  a  general 
description  of  the  ore  and  its  manner  of  occurrence. 

Kf-Sl'Mf^  Ol'  TIIK  GROLOGV  OF  THE  r.Al'XITE 

AREA. 

I'lie  distri])Ution  of  the  ore-bodies  is  shown  on  the  acconv 
panyinj^-  map  (Plate  vii.)  As  there  shown,  tlie  deix)sits  are 
fnund  witliiii  a  narrow  l)elt  of  country,  extending  from  At.lair>- 
villc.  (ioir^ia,  soiit  Invest  ward  into  .Mabama.  A  few  scatteretl 
(li'pnsits  occur  oiUside  the  limits  of  this  belt  near  Calhoun  in 
('iMrdon  conntw  and  in  the  vicinitv  of  Simimerville  in  Cliattixv 
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ga  and  Walker  counties,  Georgia.  The  above  belt  forms  a 
[>art  of  the  well  known  Coosa  valley  region  in  Georgia  and 
A^labama.  The  ore  ha»  been  mined  at  various  points  within 
this  belt  in  both  states. 

The  area  in  question  fonns  a  part  of  the  southern  exten- 
sion of  the  Appalachian  valley  province.  When  viewed  in 
detail  it  is  composed  of  numerous  subordinate  valleys  separat- 
ed by  more  or  less  extensive  parallel  ridges,  whose  axial  di- 
rections are  coincident  with  the  general  trend  of  the  valley 
province.  This  ridge-valley  type  of  topography  is  definitely 
related  to  the  rock  structure  of  the  area.  The  ridges  mark  the 
lines  of  more  resistant  rock,  while  the  vallevs  are  etched  out 
of  the  soft  shales  and  limestones.  The  ridges  further  mark 
the  remnants  of  at  least  three  rather  distinct  base-leveled 
plains,  which  are  believed  to  have  a  direct  bearing  on  the  age 
relationship  of  the  deposits,  discussed  elsewhere.* 

In  addition  to  the  folds  of  the  usual  Appalachian  type  the 
region  is  characterized  by  two  series  of  faults  with  which  the 
bauxite  distribution  is  very  intimately  associated  (see  map 
plate  vii).  The  two  types  of  faults  are  designated  by  Hayes t 
as  (a)  major  thrust  faults,  and  (b)  minor  thrust  faults.  The 
major  thrust  faults  are  characterized  by  great  horizontal  dis- 
placement and  low  inclination  of  the  fault  plane.  Three  faults 
of  this  type  have  l)een  recognized  and  described  by  Hayes  iir 
this  area,  namely,  the  C(K>sa,  Rome  and  Cartersville  faults. 

The  minor  thrust  faults  are  very  common  in  the  southern 
part  of  the  area  and  are  of  the  ordinary  Appalachian  type. 
They  have  an  a])proxiniate  north-south  direction,  iiUersecting 
the  main  axis  of  the  region  at  angles  of  30'  to  40°.  and  arc 
characterized  by  rather  steep  inclinations  of  the  plane,  40  or 
thereabouts.  They  vary  in  length  from  three  to  eight  miles 
and  cut  the  strata,  at  close  intervals,  into  narrow  strips  form- 
ing moncK^inals.  which  dip  steeply  toward  the  east.  lM)r  the 
reason  that  the  two  tyj>es  of  faults  are  seldom  found  inter- 
secting each  other  the  faulting  is  inferred  to  belong  to  ditifer- 
ent  and  therefore  distinct  j)eriods  of  disturbance. 

•Haybs,  c.  wiLLAKD,  Op.  cit  pp.  r>r>i-r,r>4. 

flbid.  The  Ovcrthrust  Faults  of  thr  Southern  A])pala'  hians.  littlJetin,  CicoL 
Soc.  Amer.,  1891,  vol.  ii,  pp.  l-tl-lf)-!-. 

Ibid,  Grolo/jy  of  a  Portion  of  the  Coosa  Vallcv  in  Oeorjiia  and  Alabama, 
BuUetin,  GeoJ.  Soc.  Amer.,  1H94-,  Vol.  5.  pp.  46n.480. 
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stone.  The  silica  is  distributed  through  the  limestone  in  ihe 
form  of  sejj^regated  nodules  and  lenses  of  chert.  The  lime- 
stone yields  ujxm  weathering  a  highly  siliceous  clay,  and  tht 
residual  mantle  attains  considerable  thickness  over  the  entire 
region,  leaving  only  scant  outcrops  of  the  fresh  limestone  ex- 
lK)sed  to  view.  The  Connasauga  shale  (Cambrian)  is  next 
l)elow  the  Knox  dolomyte  with  an  approximate  thickness  nf 
2.000  to  3.000  feet.  The  shales  belong  essentially  10  the 
aluminous  tyi>e,  containing  as  shown  by  analyses  20  to  30  per 
cent,  of  alumina.     (See  page  43. ) 

In  the  Georgia  area  the  ore-bodies  are  confined  principally 
to  the  Knox  dolomyte  and  appear  not  limited  to  any  particular 
or  definite  horizon  in  the  formation,  but  are  rather  associated 
with  all  i)arts  of  it.  and  have  therefore  a  somewhat  wide 
stratigraphic  range.  So  far  as  mining  operations  extend  the 
Georgia  bo<lies  are  inclosed  in  the  heavy  mantle  of  siliceous 
residual  clays  derived  from  the  Knox  dolomyte.  For  reasons 
subse(|uently  given  in  this  paper,  the  bauxite  is  shown  not  to 
\k'  a  residual  product,  as  the  previous  sentence  might  imply, 
but  its  origin  has  been  entirely  diflFerent  from  that  of  the  resi<l- 
ual  clays. 

.Issocialcd  Minerals. 

The  trihydratc  of  aluminum,  gibbsite,  and  the  silicates. 
halloysite  and  clay  or  kaolin,  are  intimately  associated  with  the 
bauxite,  (iibbsite  is  found  in  many  of  the  deposits  amount- 
ing to  scarcely  more  than  traceable  quantities,  incrusting  or 
lining  the  cavities  of  the  bauxite,  not  exceeding  one-eighth  of 
an  inch  in  thickness  and  is  readily  recognized  by  its  mode  of 
occiirrtuce.  lialloysite  is  a  more  frequent  associate  than 
;;i1)1)sitc.  and  occurs  in  the  form  of  hard,  pure  white,  procel- 
lanc'(ni>  .small  no<lulcs  and  lenses,  irregidarly  distributed 
ilir(»ng]i  the  «>rc-l>(Hli<.-s.  It  is  oftentimes  striated  and  slicken- 
-:«K(1  iruu\  Mil)sc'(jncnt  niovenieiu  ])robably  due  to  settling  of 
tlu  deposits.  \  ari-colored  white  to  red  mottled  clav  or 
hiioliii  is  ,'jl\va\<  found  in  large  (juantity  inclosing  the  (ire- 
lM.(li<.v,  and  in  thr  form  of  clay  horses  and  dikes  cutting  the 
l;(Mli(>  ill  various  directions  and  attitudes.  The  pisolitic  struc- 
trrt  of  tJK  bauxitt'  ])as>rs  1)\  iin])ercej)tible  gradations  into  the 
vnrr«»un(lin<;  iiiasst>  (,f  ^tructurvU-sw  bauxitic  clavs  and  kaolins. 
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Besides  gibbsite,  halloysite  and  kaolin,  commercial  deposits 
of  brown  iron  ore  and  manganese  oxides,  mostly  psilomelane 
a^rid  pyrolusite  perhaps,  are  more  or  less  intimately  associated 
MritH  the  bauxite  deposits  and  have  been  extensively  mined  in 
■several  localities.  The  deposits  of  brown  iron  ore  and  bauxite 
a.re  found  in  direct  contact  with  each  other  at  several  locali- 
ties in  the  district. 

Chemical  Composition. 

While  scores  of  reliable  commercial  analyses  of  the  Georgia 
bauxite  are  available,  very  little  has  been  done  toward  working 
out  the  exact  chemical  constitution  of  this  material  or  attempt- 
ing to  establish  the  exact  form  in  which  it  exists  chemically. 
It  has  been  generally  assumed  that  the  southern  Appalachian 
bauxites,  like  most  of  the  foreign  material,  correspond  to  the 
formula  A1«0.,.2H20,  the  bi-hydrate  of  alumina.     That  the  as- 
sumption, however,  is  not  warranted  by  the  facts  is  evident 
from  ( I )  the  easier  solubility  of  the  Georgia- Ala])ama  bauxite 
than  that  of  the  French  ores;  and   (2)   the  uniformlv  lower 
percentage  of  ALO3  ahd  the  proportionately  higher  ]XTcentage 
of  combined  water  in  the  (ieorgia- Alabama  ore  than  in  the 
French  ores,  as  shown  in  the  comparison  of  a  large  number  of 
analvses  di  the  ore  from  the  two  countries.     This  is  made  the 
more  apparent  from  the  som.ewhat  lengthy  discussion  which 
follows  below. 

At  j)rescnt,  three  recognized  hydrates  of  ahiniiiia  occur  in 
nature,  namely,  the  monohydrate.  AL()..HJ).  known  as  the 
mineral  diaspore  and  containing, 

A1..0 85.0V 

H.O 1 5.0'* 

the    dihydrate.    Al._.(  );..2H._.( ),    which    is    the    general    formula* 
given  for  the  mineral  bauxite,  containing. 

AUK 73-<>'^ 

H,() 26.  IV 

and   the  trihydrate.   Al._.(  )...3H  J  ),  known  as  the  minerals  hy- 
(Irargillite  and  gibhsite,  and  containing, 

AIX) ^'=;.4'< 

H,() .U-^»^ 

Roscoe   and    Schorleniniert   give    the    fornuila    (AlJ'ei.O 
(( )H  )4  for  bauxite,  but  this  seems  nin  to  applv  tn  the  <  ieorgia- 

•Dana.  E.  S.,  a  System  of  Mineralogy.  1893,  Sixth  edition.  [).  '-'.11. 
f  A  Treatise  on  Cberaistry,  vol.  i,  p.  44+. 


.\!ai)ania  iv.atcrial.     Phillips  an<l  Hancijck*    Cf.»ncIi:'Vs:.  ifv.-  ^ 
c!u-mii'al  invr^tisration  •.'!  the  <^jtijr|eria-A:a?iania  l»a-\i:c.  "'i-c-I 
•  >n    the    '■■lu!)ili:y    i»t     the    containetl     alumina     i:i    ■;'*^'.rj: 
stn-nirrl'i'  'jf  -iilphiiric  acid,  that  it  consists  oi  a  mixture  .:  :.:t 
trihylratr.-.  ALr  <  >H  ).j  with  clay,  and  pnjbably  a  l-'ucr  j:--":^^. 
A!.'  .»..2H/  ».     The  trihydrate  is  the  base  ..ir  the  e>.scr.::.il  \^r. 
fn  tile  rq^^-rt-;  i-^iietl  by  the  L'niteil  States  <.jei 'I'r^ica!  >':r,ry 
■  ^n  tl-.c   Mineral   Resources  oi  the   L'nitetl   States,  the  r:ir.crii 
baiixire   i-i   referred  to  as  the  trihydratc.      In    his   rep^n  "'  t. 
tile  1  "'->^a  \  alle\    Recfion  <>f  Alatenia."   Henry-   McCa:!c;."i"  ri- 
fer-.  ti»  the  Alabama  mineral  as  the  trihydrate.      After  a  s:v.'iy 
"f  liTHi'Ired-  ••f  analyses  «»f  the  French  ?3aiixites   Lauri  make? 
liie  fi.iMAvin.cr  statement  c»?nceniin«:  their  chemical  C'»nstiTi:ti"T!: 

■'When  the-e  minerals  [bauxites]  are  studied,  not  in  i>'A^i- 
ed  -[>ecinien>   hut  in  mass,  it  is  quickly  notico<l  t!iat  tliere  i>  in 
their  comj.«i«»itii.'n  «.»ne  c< instant,  n.»  to  sj^eak,  namely,  the  gen- 
eral pr'>ivrti'»n  of  anhydnnis  alumina,  WJ  )..   the  avera.jjf  "i 
which  i>  a1v-ut  (/»  tn  Uj  per  cent.     This  fij^iire  is  fjfiven  l>v  the 
analy-e^  "i   th.ousand<  of  shipments.      Represontmg'  this  oh:- 
>taiu  b\   A.  we  find  three  varial)Ie  elements,  e.  besides,  narr.t!".. 
water,  -ilica.  and  ferric  oxide:  and  it  is  a  remarkable  tact,  t;:ar 
the  >Mni  of  tile  wei.Ljhts  rif  these  is  constant  also  at  ahi>m -7 
p«.r  crm.     We  will  re))re^ent  it  l>y  l*e." 

"linal!;. ,  the  vari'-u>  access*  »ry  substances  <  titanium,  viin- 
nrlinni.  '-ti-.  )  whirli  nccur  even  in  the  purest  bauxites,  j^rostn!  li 
(•(•n«t;int  t'.ta!  «•!  ab^nit  3  to  4  per  cent.     These   we  repre>x*n: 

b;  (  ;•  ■      ^ 

■■'iliii^.  tile  centesimal  f'»nnula  of  the  l)aiixites :  ^^8  t*.- 70 
Al  <  »  J7'Si<).,  I'e.o  .  11/ ))  ^t  sundry  access(»ries )  may  In: 
wiiiij.n  in  ^rneral  n»rm  as  A'T^e-C." 

■'Ihii  il'.e  iln-te  variable  elements  <jf  IV  have  the  sinsjnlar 
l»i'.|,rri\  i.f  re]>lncinL;-  'iiie  another,  in  whole  or  in  part,  se[>a- 
r.'it'i;.  inrrc.'i-ini:,  •liniirishjnir,  or  totally  disappearini»",  with-'itt 
.•l;;inL:'-  "i"  thi  tMt.'il  I.f  jj  ])cr  cent.,  and  witlunit  altering:  llic 
li\<<;  i:.iii«  r;i!  ^ju  ('!(-..  which  i^,  accordinj^  to  our  view,  the  h\- 
h.ii  .::■.•  '.r  .'':v.ii!i'.ia.  ptnnini^-  the  base  of  the  mineral.  Tlu'^c 
■\::i-i->L:  ~'ii'>!i!uiit.ii-  L:i\  e  risr  to  the  ditterent  types*    '*''     "     *" 

1  li-     t  ii!i:i.i  nl.il   .\ii:i!\>'s  i»i   Hnnxilc,  Jour.  Amer,  Chcm.  Site,  ISUS,  vul 

-•  ■..)..•_'  M 

: '^v. /..;;/, ,-,,'  s'(/rvr\-  •>!  AJ.il'nni.-i,  1*^97,  ]>p.  79-.**4. 
Ill'    i'..ir  \  !•  I  V      \  st.Hix  «.«  n  N't'w  MiiU'ifilopicnl  Fam  il  v.  Tr.'in*  Anier.  In^t. 
Mill.  /..'.",'■■  .  \it;^iiii.i   I'l.ivh  \lrrtin>4.  I'\'liruary,  189+.  (Author's  cdilk»n.  9  p;' 
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Continuing,  Laur  distinguishes  four  types  of  bauxite  whose 

farniulae  are  given  as  follows : 

( V3  H3O    ) 

(1)  Mixed  bauxite  of  Baux,  A+Pc ]  Vs  Si02     ^  +  C. 

(  Vs  Fe20s  ) 

(2)  Pale  bauxite  of  Villeveyrac.  A+Pe j  ^  ^^^     |  +  C. 

(3)  Red  bauxite  of  the  Var.  A-f  Pe |  ^^  ^^0^^  i  -f  C. 

(4)  Pure  bauxite  of  Alabama,  A+Pe [  2  H2O    ]  -f  C. 

An  abstract  in  the  Chemisches  Centralblatt  for  1892,  page 
14,  of.  an  inaugural  dissertation  by  A.  Liebreich  in  which  an 
account  of  the  derivation  of  bauxite  from  basalt  \vith  special 
reference  to  the  German  deposits  is  given,  says,  "chemical 
analyses  show  certain  differences  in  the  composition  of  baux- 
ite from  different  places,  the  smaller  amount  of  water  in  the 
French  bauxite  referring  it  to  diaspore,  while  the  Vogelsberg 
mineral  is  probably  gibbsite  (hydrargillite)  [the  trihydrate  of 
alumina]/** 

The  writer  has  gotten  together  as  many  authentic  analyses 
of  the  Georgia  bauxites  as  possible,  and  from  them  the  ratio 
of  ALOt  to  HoO  was  calculated.  Also  the  sum  of  the  per- 
centage amounts  of  the  impurities  SiO.^,  TiO^  and  FcoOg  is 
given.  Calculations  are  made  and  given  for  the  two  types  of 
bauxite,  namely,  (a)  the  non-ferruginous  type,  in  which  the 
iron  enters  as  an  impurity;  and  (b)  the  ferruginous  type,  in 
» which  the  iron  replaces  a  part  of  the  aluminum.  The  analyses 
were  carefully  selected,  and  in  case  of  the  non- ferruginous 
type  only  those  which  gave  55  per  cent,  and  more  of  Al.O.. 
were  used.  This  minimum  percentage  of  AloO.p  55  per  cent., 
in  the  non-ferruginous  type  is  the  lowest  amount  of  .Al.O.;  in- 
dicating the  purest  grade  of  the  ore.  In  the  ferruginous  ty])e 
all  analyses  are  included  which  show  lo  per  cent,  and  more 

of  FcoOo. 

_    .1  , 

A  majority  of  the  analyses  used  were  obtained  by  analytical 
methods  which  yield  the  soluble  A1..0...  On  a  55  j)er  cent. 
Al,0;,  basis,  however,  the  small  percentages  of  insohible  resi- 
dues (SiOo)  indicate  that  the  soluble  Al.O..  is  practically  the 
equivalent  of  the  total  ALO.,.  This  conclusion  is  based 
upon    a   close   comparison   of   analyses    in    which   the   soluble 

•Qaotcd  by  Grorob  I*.  Msrrill,  Guide  to  the  Collections  in  the  Sections  of 
Anplied  Oeolos^j  in  the  National  Museum  ;  The  Non-Metallic  Minerals,  1901,  p. 
-283.  * 
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Al..( ).,  was  estimated,  with  others  in  which  the  total  AL("),  was 
dctermiiicfl.  Aho  from  analyses  of  several  samples  in  which 
lK)th  sr>liihle  anrl  total  ALO-t  were  separately  detennined  in  tiic 
same  sample. 


H2O 

Si02 

Ti02 

FC2O3 

Total 

(2)f    AI2O3 
H2O 
Si02 
Ti02 
FeoOs 
Total 

(3)i    AI2O3 

H2O 
SiOs 

Ti()2 

Fe203 
Total 

Wi    AI2O3 
H2O 
Si()2 
TiOa 
FesOs 
Total 


(I)      AImOs 

H2O 
SiOs 
TiOi. 

F''2C»3 

Total 

( Avcra>:e) 
AI2O3 

H2O 


Per 
Cent. 


Molecalar 
Ratio. 


58.62 574 1.00 

31.4* 1.746 3.04 

4.27 

3.79     9.57  percent. 

1.51  I 
99.63 

58.91 577 1.00 

31.59 1.755 3.04 

3.34 

4.18     9.39  percent. 

1.87  ) 
99.89 


} 


604 1.00 

1.608 2.75 

'  8.10  percent. 


61.07. 

29.S.->. 

4.77 

2.95 

0.38 
99.62 

60r,  + 591 1.00 

30  30 1.686 2.85 

4.75 

2.39  >  8.84  per  cent. 

1.70 
99.54 

Per  Molecalar 

Cent.  Ratio. 

61.1»J 607 1.00 

30.G1 1.7J0 2.80 

2.68  I 
3.54      7 


0.82  J 
99.57 


.04  percent. 


.96. 


,1.709. 


.1.00 
.2.89 


Ratio  of  AUOs:  HsO  ii 
nearlj  1:3  corresponding  to 
the  formala  AlaOs.  3  H2O. 


1 


Ratio  of  AIsOs:  H2O  is 
nearly  1:3  corresponding  to 
the  formula  AUOt  3  HsO. 


1 


Ratio  of  AIsOs:  H2O  it 
nearly  1:3  corresponding  to 
the  formnla  AlsOs.  3  HtO. 


Ratio  of  AlsOs:  H»0  it 
nearly  1:3  corresponding  to 
the  formala  AbOs-  3  H9O. 


} 


Ratio  of  AlaOs:  HsO  i> 
nearly  1:3  corresponding  to 
the  formala  AlaOs.  3  H2O. 


Ratio  of  AbOs:  HsO  is 
nearly  1:3  corresoonding  to 
the  formala  AI2OS.  3  H3O. 


•Average  of  2^  analyses,  furnished  by  courtesy  of  Mk.  J.  R.  OiB 
f  Average'  of  2<)  analyses,  furnished  by  courtesy  of  Mk.  J.  H.  Ha 
i A vcra>je  of  4  analyses,  furnished  by  courtesy  of  ^*"   ■»    d    a    c 
5 Average  of  4-  annlvses.  analyzed   by    H.  C.  Wi 
<1  quoted  bv  T.  W.  Spk.nckr.  op.  cited,  pp.  21.'i-22( 
;i  Average  "of  3  analyses,  made  by  Thomas  L.  W 


R.  GlBBOX». 
WKINS. 


tAvera>je  of  -4  analyses,  furnished  by  courtesy  of  Mr.  B.  P.  A.  Satlor. 

*  —  -■   * —   "    ^    Whitb,  Univ.  of  Ga.,  Athens. 

220. 

AT»o.v.  Lab'j,  Geol.  Sorvey 


of  Gcor>jia 


Si02 
TiOa 
FeaOs 
Total 
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8.59  percent. 


(Perra^inotjs  Bauxite)* 

AlaOa        52.94...   .519 
FeaOa       12.29...  .076 


[         Ratio  of  AlaOa:  H2O  is 
.595. ..1.00  j  nearly  1:3 corresponding  to 
[  the  formula  AlgOa.  3  H2O. 


H3O  28  40.. .1.577 2  65 

Si02  2.83) 

Ti02  3  78|  6  61  percent. 

Total     100.24 

The  prevailing  structure  of  bauxite  in  all  known  workable 
deposits  is  pisolitic.  So  far  as  the  writer  can  determine  sep- 
arate analyses  of  the  matrix  and  concretions  or  pisoliths  have 
never  been  made.  While  it  is  generally  true  that  the  pisolitic 
structure  in  case  of  the  Georgia-Alabama  ore  grades  into  a 
structureless  material,  the  pisoliths  or  concretions  are  as  a  rule 
perfectly  sharp  and  distinct  from  the  inclosing  matrix,  and  the 
two  may  or  may  not  have  the  same  chemical  composition.  With 
the  view  of  possibly  determining  this  the  writer  selected  speci- 
mens of  the  ore  in  the  field  and  carefully  separated  matrix  and 
pisoliths,  and  separately  analyzed  them  in  the  survey  laboratory 
with  the  results  shown  below.  No  attempt  was  made  at  sepa- 
rate analyses  of  isolated  thin  layers  of  the  pisoliths  or  concre- 
tions from  each  other,  and  of  the  layers  from  tlie  inclosed 
powder. 

PISOLITHS  MATRIX 


M;id(lox      IJobo    Warrior  Maddox  Church    Walters    Perry 

AI2O3 52.36    57.26    52.40  64  91     46.92     63.60    48.30 

H2O  CcombineH) 33.17    31.69    24.06  33.00     21  68     27. 15    28.01 

Si02 3.74       0.99       4.21  0.62     20  46       6  43       3.17 

TiOo 9.70       7.63       8.79  1.05       9.80       1.95       9.75 

Fe208 0.76       1.89     10.44  0.28       0.28       0.28      trace 

H2O  at  100^  C 0.20       0.39       0.39  0.53       0.34      0  56       0  53 

*   Inone   none   none  none   none   none   none 

MgO / 

^  Jnone   none   none  none   none   none   none 

K2O / 

Total 99.93    99.85  100  29  100  39  99.48    99.97    99.76 

The  above  analyses  suggest  more  uniformity  in  composition 
for  the  pisoliths  than  for  the  matrix  :  but  they  furtlicr  indicate 

•Average  of  6  analyse.**. 
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no  <lfi-i4t:M  ^pfircciahle  rlitterence  in  the  comp«>>itk'n  •'.■f  the  t^.o 
I>;irt'^  of  thr  mineral. 

fn  it-  purest  form  bauxite  om tains  more  or  less  :;rc::ri 
rnat^-rial  fitli^-r  chemirallv  combine*"!  or  mechanicallv  a-lrriixfl. 
Ir'iii  oxidf  prc^rnt  in  variable  amounts,  ranse^ing'  from  a  trace  r-j 
|;<TccnT?ij^<--.  equal  to  anri  rxrcasionally  excee'lin.c  t!ia:  of  the 
;ihiTnina.  i-.  u-^ualVv  present  repIacing^  in  pan  the  alumina,  ana 
in  part  only  a>  an  impurity. 

I  itaninni  i-*  invariably  present  ranj^^ine:  usually  from  i  to  lo 
jxT   r'lit.    wlirn   e**timated   in   the    form   of   titanium   dinx-jie. 
Aiial;:^*^  iiuliiviU'  that  this  constituent  averag'es  hig"her  in  the 
jii^olitic  on-  anrl  is  lowest  in  the  structureless  hauxitic  clays. 
I  lif  form  in  which  the  titanium  exists  in  the  ore  is  seeminjjly 
^Irjicndtnt  in   lartje  measure  u[K>n  the  orij'i'in  of  the  bauxite.    A 
-tn^lv  r>f  those  Hcpo>it^  derived  from  basalt  an<l  similar  igneou> 
ro<ks  indicati"^  that  the  titanium  (xrcurs  in  the  form  of  free  ox- 
idr  or  as  titanic  iron.     This  is  true  of  the  \'oj^eIsherj2:  ilep«>siis 
in  ^  icrmany  as  shown  in  the  study  of  thin  sections  of  the  bauxite 
by  A.  I  j'lbrcicii :  an<l  also  of  the  Ober-Hessen  de|xxsits  by  Laiitr- 
\  rrv  little  if  any  of  the  titanium  in  the  < Georgia  deposits  exist> 
in  thr  form  of  free  oxide,  as  a  microscopic  examination  of  a 
Iari:<-  ntniiluT  of  tiiin  .sections  of  the  mineral  faifed  to  indicate 
niun-  than  a  bare  trace  of  titaniferous  oxi<Ies.      Separation  h\ 
nirans  f>f  heavy  snluiion  and  by  elutriation  confirmed  the  micr> 
sc< »j)ic  cNidencc. 

Sihca  van\'s  from  a  fraction  of  i  per  cent  to  several  per 
« «ni.  in  thr  jMirrst  orr.  and  30  to  35  per  cent,  in  the  low  j;n"s*!e 
t\prs  of  niatrrial.  banxitic  clays  and  kaolins.  This  conslitiieir 
is  nsuallv  ]»rr-rnt  in  the  form  of  the  hydrated  alinninimi  silicate 
<  l,i\,  uhirh  is  invariably  a<lmixed  in  varying"  proi>ortions  with 
ilir  banxitr :  and  is  also  present  to  some  extent  as  free  silica,  a^ 
-li'twn  by  thr  niirroscnpr. 

Thr  ( Iroioia  bauxitrs  are  usually  frc*e  frc^m  traces  of  thr 
a'l«liii(»n;i]  h»!l<)\viniL:-  common  im])urities  in  bauxites  of  mar:v 
I'K'aliiirs:  linir.  nia.^nr^ia.  j»hos])horic  and  carbiHiic  acids  ar ' 
ihr  alk:ilir>.  s. ,(la  and  j)otas]i. 

Ul'.'^l  Ml-.:  l"roni  tlir  prrcrdin*:::  data  it  is  clear  that  thr 
I'oiiiinia  L;ivrn  by  Laur  for  the  French  bauxites  essentiallv  :Ve 
bibxdratr  "f  alumina  rnul  ap})lir(l  to  the  Georgia-Alabama  "::r.- 
rral   is  ni't   applicablr  to  ilir  ( leorj^ia  de])Osits.      The  averii:; 
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• 
percentages  of  AUO^  and  H^O  in  the  best  grade  of  the  Georgia 

bauxite  certainly  correspond  to  the  formula  AI2O.5.3H./),  the 
trihydrate.  In  a  majority  of  analyses  a  variable  percentage  of 
soluble  ALO.^  in  lod'C.  of  50"?).  sulphuric  acid  is  found,  which 
rang^es  from  a  fraction  of  i  per  cent,  in  the  purest  ore,  to  40 
and  45  per  cent,  in  the  associated  bauxitic  clays,  which  are 
shown  to  grade  into  each  other.  The  insoluble  AIoO.t  is  prob- 
ably present  in  the  form  of  the  hydrous  aluminum  silicate,  clay, 
admixed  possibly  as  Phillips  suggests  with  a  lower  hydrate  of 
alumina.  The  Georgia  bauxites,  therefore,  in  their  purest 
form,  consist  in  most  cases  of  a  mixture  'whose  base  or  essen- 
tial part  is  the  trihydrate  of  alumina.  All  gradations  in  which 
the  soluble  alumina  ranges  from  about  60  per  cent,  to  several 
per  cent.,  or  pure  trihydrate  of  A1._,0,.,,  to  bauxitic  clay,  corre- 
si>onding  to  the  hydrous  aluminum  silicate,  are  known. 

As  remarked  bv  Liebreich,  chemical  analvses  of  the  mineral 
from  different  localities  show  differences  in  chemical  composi- 
tion. Thus  we  have  analyses  which  correspond  to  the  three 
hydratesmono-  di-  and  tri-  of  AlgO-,.  which  strikingly  illustrates 
the  variable  character  of  the  so-called  mineral  bauxite. 

So  far  as  the  writer  can  gather  from  the  various  accounts 
and  descriptions  in  which  analyses  of  bauxites  from  the  prin- 
cipal localities,  both  foreign  and  American  are  given,  much 
depends  upon  the  origin,  as  to  the  chemical  composition  of  the 
mineral.  Ah.C)..  forms,  however,  in  all  cases,  the  basis:  and  it 
ranges  from  55  to  85  per  cent,  according  to  l(X*ality,  with  cor- 
resjKHuling  variable  j)roportions  of  water  of  clieniical  combin- 
ation, ranging  accordingly  from  15  to  34  jkt  ceiu.  i'lms,  de- 
posits of  the  mineral  are  known  which  corresj)ond  on  analyses 
with  the  three  hydratc-s  of  Al..( ).. 

While  the  socalled  mineral  bauxite  C(»rres})on(]s  in  clu-niical 
conipc^sition.  according  to  locality,  to  the  three  natural  hydrates 
of  alimiina.  as  a  rule,  no  resemblance  in  ])liy>ical  ])n»T)ertie^ 
known  at  preseiu  is  shown  to  the  minerals  dias]>ore  (iiionohy- 
drate )  and  gibbsite  (trihydrate). 

Since  this  corres]>ondence  therefore  in  cheini(\'il  ('oiri]>o^itif'n 
to  the  three  hydrates  dr»es  exi-^t,  tlie  (jue^tion  is  naturally  <\v^- 
gested.  whether  the  m<.»no-  and  tri-  h\drate<  known  a-  the  min- 
erals fliaspore  and  j^ihhsite.  do  nvit  really  occnr  with 
phvsical     pmperties     ditterent     from     \]\<>>c     i>nail\      rnord- 
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ed.  and  closely  resembling  those  of  the  mineral  baux- 
ite? In  other  words,  is  not  what  is  called  bauxite 
in  some  localities  diasix)re  or  gibbsite  in  a  different  ohys- 
ical  state?  ( )r.  whether  the  commonly  accepted  formula  for 
bauxite,  A\J).,.2ll.ji)  or  AUOH)^.  must  be  modified  according 
to  IcK'ality  to  correspond  to  mono-  di-  or  tri-hydrate  as  the  case 
may  be :  and  the  general  formula  to  be  applied  irrespective  of 
IfK'ality  and  in  its  broadest  usage,  written  AL^J..«Hjj.  in 
which  ;/  is  variable  and  may  correspond  to  one,  two  or  thr« 
molecules  of  water. 

Origin  of  the  Bauxite  Deposits, 

The  (jeorgia  bauxite  deposits  have  been  studied  in  consid- 
erable detail  by  Si)encer  and  Hayes  and  the  theories  advanced 
by  them  to  explain  the  accumidation  of  the  ore-bodies  are  dis- 
cussed below  at  some  length. 

Dr.  J.  W.  Spencer*  suggested  the  following  theory  to  ex- 
plain the  accumulation  of  the  (ieorgia  deposits : 

''This  is  an  open  question.  Its  situation  along  with  theinjn 
and  manganese  ores  in  dolomites  suggests  a  common  genesis. 
The  fonnation  skirts  the  crystalline  rocks  of  central  Georgia, 
whence  the  materials  were  originally  obtained.  Prof.  Branner 
says  that  the  Arkansas  bauxite,  although  in  Tertiary  rocks,  i? 
located  near  eruptive  syenites,  or  hornblende  granites.  Such 
rcKrks  in  ( Ieorgia  have  given  rise,  in  part,  to  the  iron  and 
manganese  minerals.  The  feldspar,  in  others,  contains  the 
aluminium,  and  there  remains  onlv  the  necessarv  solvent  to 
transport  and  (le|K>sit  it  as  the  mineral  bauxite." 

"In  tliL'  weathering  of  the  rocks  carbonic  and  vegetable  acids 
reiiKA'c  tlu'  iron,  manganese,  lime,  etc..  from  the  hornblende, 
and  potash  and  soda  from  the  feldspar.  So  also  carbonic  acid 
in  water  can  dissolve  small  quantities  of  ahunina;  thus  the  same 
waters  can  remove  the  iron,  manganese  and  alumina.  The  al- 
kalies derived  from  the  decay  of  feldspars  can  also  dissolve  the 
alumina.  'I'lms  transj)orted.  the  ahmiina  may  be  precipitated  in 
the  lat^onn.s  in  wliich  the  ferruginous  and  manganiferous  clayey 
liniest'>nes  were  being  formed.  The  white  clays  asstviatcii 
witli  the  bauxite  and  iron  ore  dej)osits  are  usually  of  fine  teM- 
nre,  indicative  of  (le|)osition  in  quiet  waters.     The  frequent  rc- 

•Tlic    Pnli-o/iiic  (iroup  o(  rTeorgi.i,  Gcol(igiciil  Surrey  oi  Georgia,  Atlanta. 
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placement  of  part  of  the  alumina  by  ferric  oxide  further  shows 
the  presence  of  both  metals  in  the  original  solution,  but  invari- 
able quantities  at  diflferent  times  and  places." 

*TJpon  the  subsequent  decomposition  of  the  Knox  lime- 
stone, the  calcareous  matter  being  removed,  the  ores  were  con- 
centrated, leaving  accumulations  of  bauxite  more  prominent 
than  in  the  original  beds." 

"The  position  of  the  bauxite  appears  to  be  more  or  less  in 
|X)ckets  and  lenticular  masses  in  certain  strata,  and  if  workings 
are  ever  carried  beneath  the  decayed  rocks,  the  mineral  will 
likely  be  found  in  pockets  in  compact  limestone.  Indeed,  some 
of  the  apparent  clays  may  be  found  to  be  the  soluble  aluminous 
mineral,  which  is  so  far  as  known  in  Georgia,  generally  more  or 
less  oolitic  and  concretionary-,  as  are  the  iron  and  manganese 
deposits.  The  bauxite  beds  or  pockets  are  less  interrupted,  and 
are  much  more  extensive  than  the  latter  named  mineral." 

Briefly  summarized  Dr.  Spenccr^s  explanation  for  the  ac- 
cumulation of  the  bauxite  deposits  is:  (a)  The  source  of  the 
alumina  was  from  the  crystalline  rocks  of  central  Georgia;  (b) 
the  alumina  was  carried  to  its  present  place  by  carbonated  or 
alkaline  waters  and  precipitated  in  the  lagoons  in  which  the 
ferruginous  and  manganiferous  limestones  were  being  formed ; 
and  (c)  the  ore  was  further  concentrated  upon  weathering  of  . 
the  Knox  limestone,  the  soluble  calcareous  material  of  which 
was  removed  in  solution,  and  the  insoluble  aluminous  material, 
bauxite,  was  accumulated  and  left  more  prominent  than  in  the 
original  beds. 

This  theor>'  fails  to  explain  the  following  essential  condi- 
tions and  characteristic  modes  of  occurrence  of  the  Georgia  de- 
posits. ( I )  The  deposits  are  compact  ore-bodies  existing  in 
the  form  of  well-defined  pockets  and,  as  a  rule,  with  the  vertical 
nearly  equal  to  the  horizontal  dimensions.  This  mode  of  oc- 
currence cannot  by  any  known  process  apply  to  the  accumu- 
lation of  ore-bodies  resulting  from  weathering-.  (2)  The  re- 
lationship of  the  bauxite  and  its  associated  kaolins  to  the  sur- 
rounding residual  siliceous  material.  In  no  instance  has  the 
gradation  from  the  bauxitic  clay  into  the  inclosing  residual 
clavs  been  observed ;  but  on  the  contrary,  the  line  between  the 
two  is  at  all  times  definite  and  pronounced.  The  two  types  of 
clav  bear  no  resemblance  to  eacli  other.     Furthermore  the  ore- 
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IkxHcs  are  free  from  included  residual  mater'al.     The  concen- 
tration or  accumulation  of  ore  deposits  from  weatherintj  in  situ 
usuallv  shows  more  or  less  residual  material  variouslv  admixed, 
which  fonns  the  most  convincing  evidence  in  the  case  of  dt- 
l)osits  derived  from  rock  weathering".     This  ix>int  is  ahundantly 
illustrated  in  the  manganese  and  some  of  tfle  iron  deposits  in 
the  same  region.     (3)   The  relation  of  the  deposits  to  the  pres- 
ent topography  of  the  region    and    their    altitude    alx>ve  sea 
level.     Upon  Dr.  Spencer's  theory  the  ore-bodies  if  they  repre- 
sent  accumulation    from   weathering  of  the    Knox    limestone 
should  only  occur  at  definite  and  uniform  positions  in  that  for- 
mation.    On  the  contrary  the  deposits  do  not  confomi  to  tlicse 
conditions,  hut  are  found  in  all  parts  of  the  Knox  dolonme. 
giving  as  Hayes*  has  shown,  a  stratigraphic  range  of  at  lea"^ 
4.000    feet.      (4)    While    the    bauxite    deposits    in    question 
are  somewhat  closely  associated  with  those  of  iron  and  mangan- 
ese, more  j)articularly  the  iron,  it  by  no  means  follows  that  the 
conditions  suggest  a  ''common  genesis.''     In  fact,  recent  work- 
in  this  area  conclusively  demonstrates  that  the  three  types  of  ore" 
bodies  are  not  of  a  common  genesis.  The  manganese  deposits  of 
the  Cartersville  district  represent  undoubted  residual  accumu- 
lations concentrated  by  physical  and  chemical  processes  inci- 
dental to  weathering.     The  ore  de[K)sits  of  iron  and  manganese 
are  more  intimately  asscx^ated  than  any  two  metalliferous  de- 
])()sits  known  in  the  area  and  yet  with  several  exceptions  thoy 
have  had  a  ditterent  origin. 

The  above  facts  constitute  some  of  the  essential  features  of 
the  ])auxite  deposits  which  must  be  accounted  for  in  any  satis- 
faclory  ex|)lanation. 

After  a  detailed  study  of  the  structural  geology  of  the  re- 
gion and  nf  tlie  ore-bodies  Dr.  C.  W.  Hayest  suggests  a  the- 
ory for  the  origin  »)f  the  (Georgia  deiK)sits  which  is  entirely  dif- 
ferent from  the  one  formulated  by  Dr.  Spencer.  Hayes'  the- 
ory is  l)rietl\-  stated  hy  him  as  follows  :$ 

"The  (kposits  arc  there  [Georgia-.-\labama  region]  found 
cnihrddi-d  ill  n>i(hial  cla}-  derived  from  the  weathering  of  lime- 
<toiir.     The  hiiu'stoiH'  nverhes  a  great  mass  of  shales,  and  the 

'<  >i).  citid. 

IH.iuxiU-.  Si\tccntli  Antiuni  Kcf>ort.  l\  S.  Geol.  Survey,  1S95.  part  iii.  pp. 
r)S7-r»(»l.     This  oontriins.'i  very  hill  and  dttnilcd  statement  of  Dr.  Hnye«'thc<»rT. 

t  Taken  from  tho  proof  copy  of  Dr.  H«%x's'  verj'  valaable  paper  on  "The 
Arkansas  Hntixilc  hcju^sits."  not  yet  issued  from  the  press,  but  the  anthor 
I>K.  nAVK>  very  kinilly  place*!  at  my  dispusal  a  proof  copj  of  the  report. 
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formations  are  intersected  by  numerous  faults,  along  which 
water  has  in  the  past  found  easy  access  to  gjeat  depths.     The 
shales  are  made  up  larg^ely  of  silicate  of  aluminum.     They  also 
contain  considerable  iron  sulphide  in  the  form  of  pyrites.     It 
is  believed  that  the  surface  waters,  carrying"  oxygen  in  solu- 
tion, gained  access  to  these  shales  and,  by  oxydizing  the  pyrites, 
set   free  sulphuric  acid.     This,  under  the  conditions  present, 
decomposed  the  aluminous  shales,  forming  alum  and  sulphate 
of  aluminum.   Ascending  currents  carried  these  salts  in  solution  to 
the  surface,  and,  coming  in  contact  with  the  limestone  during 
their  upward  passage,  they  were  decomjxised,  forming  sulphate 
of  lime  and  aluminum  hydroxide,  together  with  basic  sulphate 
of  aluminum,  which  was  subsequently  changed  to  aluminum  hy- 
droxide on  exposure  to  the  air.     The  aluminum  hydroxide  thus 
produced  formed  a  gelatinous  precipitate  which  collected  about 
vents  of  springs.     It  was  kept  in  motion  by  the  ascending  water 
and  thus  formed  concentric  structures.     The  reactions  indicat- 
ed above  are  all  known  to  take  place  in  nature,  and  the  process 
is  one  which  is  readily  understood." 

The  essential  facts  which  a  satisfactory-  theory  for  the  ori- 
gin  of  the  (leorgia  deposits  of  bauxite  must  explain  are  now 
stated  in  full.  Some  of  these  were  stated  in  connection  with 
Dr.  Spencer's  theory : 

(  I  )  The  bauxite  (lq)()sits  in  the  (icorgia  district  are  most- 
ly confined  to  the  Knox  dolomyte.  They  are  not  found  at  anv 
luiiforni  position  in  the  doloniyte  hut  are  associated  witli  all 
parts  of  the  formation,  giying  a  wide  strati^rapliic  rani^c. 

(2)  Tlie  ore  occurs  in  the  form  of  distinct  jXKket  deposits 
of  yarying  sizes  and  disconnected,  with  the  yertical  nearl\- 
e(|ual  to  the  horizontal  dimension. 

(3)  The  absence  of  foreii^ii  niatcrial,  sncli  as  nii|L:lit  be 
derived  from  the  inclosing  rocks  in  the  ore-hocHe^  and  tlieir 
associated  banxitic  clays  and  kaolins.  'Hie  pronounced  (hf- 
ference  in  the  banxitic  cla\s  and  the  inclosinir  residual  siliceous 
chiys  with  no  indication  of  commingling  with  or  gradation  into 
each  otiier. 

(4)  The  location  of  the  (le|)osits  with  reference  to  ahi- 
tude  and  topogra])hy.  Some  of  the  ore-bodies  occur  below  the 
8^o-foot  leyel.  and  a  few  are  found  above  ();c)  feet  ;  i)nt  where 
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erosion  has  not  removed  any  considerable  part  of  the  deposits 
they  are  generally  found  near  the  900- foot  level. 

(5)  The  prevailing  pisolitic  structure  of  the  bauxite.  The 
process  producing  the  same  structure  in  calcareous  and  siliceous 
materials  has  been  observed  and  described.  In  such  cases, 
where  the  process  has  l)een  observed  the  pisolitic  structure  re- 
sulted from  the  deposition  of  the  material  in  solution  or  from 
suspension  in  the  form  of  a  fine  precipitate.  \^ery  likely,  as 
Hayes  says,  this  applies  to  all  material  having  a  pisolitic  struc- 
ture. 

(6)  The  grouping  or  occurrence  of  the  ore-bodies  along 
apparent  lines  of  weakness  and  about  certain  centres.  Refer- 
ence to  the  accomj)anying  map  makes  this  point  clear. 

(7)  Xo  eruptive  rocks  are  yet  known  in  the  vicinity  of 
the  deixDsits,  nor  do  any  rocks  occur  in  the  region  which  by 
weathering  could  yield  bauxite  as  a  residual  product. 

The  theory  which  best  confonns  to  these  premises  is  the 
one  outlined  bv  Dr.  Haves  and  bricflv  stated  above,  which  as 
set  forth  by  its  author  is  based  on  the  three  essential  features 
required  of  any  satisfactory  theory,  namely:  (i)  the  source 
from  which  the  material  was  derived;  (2)  the  means  bv  which 
it  was  transported:  and  (3)  the  prcx:ess  of  its  local  accumula- 
tion. Only  the  leading  points  under  each  one  can  here  be 
stated. 

(I)  The  Source  of  the  Alumina:  The  Knox  dolomyte. 
with  whicli  tlie  deposits  are  associated,  contains,  as  shown  bv 
numerous  analyses,  a  very  small  percentage  of  alumina,  w^hich, 
l)v  the  process  of  accumulation  required,  is  thought  to  be  entire- 
ly niadequate  as  the  source  of  the  materizi. 

]''our  analyses  showed  tlie  composition  of  the  Kik)x  dolo- 
myte to  vary  within  the  following  limits : 

SiOo 3.75        to        7.252  percent. 

^'^Os \    1  230     to        1.76       *'       " 

Fe203 ^ 

CaCOa 34.07        to     53.44 

MgCOa 36.32        to      55.736 

The  following  analyses  of  the  Knox  dolotnyte  and  its  ac- 
coni])anying  residual  clay  from  Morrisville,  Calhoun  county, 
Ala]>aina.  were  made  by  Dr.  W.  V.  Hille])rand*  and  described 
])v  professor  T.  C.  Russell.i ][]2^'_''i£<^  inserted  here  to  illus- 

•Bullctin.  U.  S.  Geol.  Survev.  No.  iGs.  1900.  pp.  25S  and  295. 
fUjid.  No.  52.  1HS9,  pp.  2+-25. 
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the  chemical  changes  incident  upon  the  weatherinf^^  of  this 
In  his  description  of  the  magnesian  Hmestone  professor 
K^xissell  makes  the  following  statement*:  "The  original  rock 
m.this  instance  was  a  grayish-white  dolomyte  typical  of  its 
class  over  a  large  area  in  the  southern  part  of  the  Great  Ap- 
psilacHian  valley,  while  the  clay  left  bv  its  decay  is  a  fair  sample 
of   the  red  soil  of  the  South."* 

Coosiittjcnts.  T.^'"''*'**  RCTidtJal 

Dolomyte  Claj 

Si02 3.24  55.42 

AI3O3 0.17  22.17 

FC2O3 0.17  8.30 

FcO .  0.06  trace 

MgO 20.84  1.45 

CaO 29.58  0.15 

NaaO 0.17 

K2O 2.32 

H2O  at  110^  C \  2.10 

H2O  aboTe  110°  C /   "•"*"  7.76 

CO2 

Total 99.90  99.84 

As  indicated  by  the  above  analysis  the  residual  product 
clearly  represents  a  highly  siliceous  ferruginous  clay,  in  which 
only  a  trace  of  the  original  more  soluble  calcium  and  magnesium 
salts  is  retained. 

This  Knox  dolomyte,  is  underlaid,  however,  everywhere  in 
the  district  by  several  thousajid  feet  of  calcareous  clay  ur  aluin- 
incHis  shales,  which,  as  shown  bv  the  analyses  below,  contain 
20  to  30  per  cent,  of  alumina,  in  addition  to  the  other  constitu- 
ents commonly  found  in  the  deposits,  such  as  silica,  titanic  and 
iron  oxides. 

The  following  analyses  indicate  the  general  composition  of 

the  middle  Cambrian  shales  of  the  bauxite  region  : 

I.  ri. 

SiOf 55.02  52.82 

AI2O3 21.02  26.17 

Fe2^\T  5.00  9.46 

FeC) 1.54  

M;-0 2.32  1.08 

CaO 1.60  trnce 

•Ibid.  p.  24.. 

I.  Middle  Cambrian  shale.  Coosa  valley,  near  Blnine,  Cherokee-  County 
Alabama.  Dr.  H.  N.  Stokbs,  analyst.  Bulletin  \o.  IfiS  U.  S.  Gcol.  Survey 
1900.  p.  283. 

II.  Oostanaula  shales  about  two  miles  northwest  of  Carters ville,  Bartow 
Coiantv,  Geor^a.  J.  W.  Spencer,  Paleozoic  (^roup,  Geol.  Survev  of  Georgia. 
1893.  p.  285. 
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XajO 0.81  0.20 

K2O .5.19  2.71 

HjOat  110' C 2.4+  0.23  ( hygroscopic.  J 

H2O  above  110' C 5.65  7.00  (combined). 

TiOs 0  65  

r,Os 0.06  

MnO trace  

BaO 0  04  

SrO trace  

LijO 0.03  

SO3 0.02  

CI trace  

CO2 0.83  

CarboH.'u-e<»us  matter  0  32  


Total 100.54  99.67 

The  Coiinasauga  shales  {  Cambrian  )  are  believed  there f  -re 
l«t  have  l»een  the  source  of  the  material. 

«  2  )  The  Means  of  Transportation  :  The  formations  i>f  the 
<li>trict.  lH»th  liniesiMiie  and  shale,  are  intersected  by  iiumer».'ii- 
faults,  which  atT«»rded  in  the  i)ast  easy  access  for  the  pcro.'la- 
tion  Iff  waters.  The  descending  waters  carrying  oxygen  in  s^y 
lution  reacted  chemically  on  the  ahmiinoiis  shales,  which  om- 
tained  disseminated  pyrites,  taking  into  solution  the  sulphati':^ 
Mf  aluminum  and  imn.  which  salts  were  returned  to  the  surface 
1»\  ilie  a>ceii(lin;^  waters.  The  upward  passage  of  these  salts 
in  cMitaci  with  several  thousand  feet  of  limestone  resultctl  in 
.1  inriher  cliemical  reaction,  forming  probably,  as  in  the  chem- 
ur,i]  lalt-rai  TV.  aluminum  hydroxide  and  basic  sidphate  of 
:t!i"Hiniini. 

<  ^'      The  Pr.H'Css  of  .Iccumulation:     The  ascendinjr  cur- 

'riu-  Ucarinc;  the  aluminous  salts  in  solution  are  l)elieved  10 have 

r.  ;i.  ':.  '1  t'p.e  >urface  near  «>r  ujH>n  the  fault  lines  fonninjj  larjje 

-;::!il:-.  \vr.i\b.  were  ]>rMhably  thennal.  and  the  ahnninum  h}- 

':-   x'.'ir  j>rMli:cr'l  a-^  described  by  Hayes  fonned  a  gelatinous 

:•:■  ■•:^:\'i:'.-.    wl.ioli    o<.!kvied   alnrnt    the   vents   of   the   sprintrs. 

•  :     :.  .iTia!  .-;,    \v:;:i  ]'i«.!itic  >inter  .'uid  travertine  now  fonn- 

:  ^  -'.1.  >   ■;■  •'!  '!i-  \v.»iiM  a])])ear  to  be  highly  favorable  t\>r  the 

:'    ■.•:•.:■■:■  ■f  t'..   -tnutine  actuallv  f«nnid  in  the  bauxite.     The 

:  :■    '/i'.'v^     '  .'i-  a'»:  arnrly  c-llected  in  globular  masses  bv  the 

V  ..••  -r    'f  \.r  .'.-rri^li:!-  water,  and  constant  changes  in  |>witi«»n 

vr.  :•*.■!   '!.'-.■  :■.   ix-  v^  .au-d   with  successive  layers  «>f  m'>re 

:■  ;  .;o'    ;;\'ii(  r::.l.      i  iM.iiiy   after  having  received   many  >iJch 


The  Georgia  Bauxite  Deposits, — Watson.  45 

coatings,  the  pisoliths  were  deposited  on  the  borders  of  the 
basin,  and  the  interstices  were  filled  by  minute  ooliths  formed  in 
a  similar  manner  or  by  the  flocculent  precipitate  itself.  Slight 
differences  in  the  conditions  prevailing  in  the  several  springs, 
such  as  concentration  and  relative  proportion  of  the  various 
salts  in  solution,  also  temperature  and  flow  of  the  water,  would 
produce  the  variation  in  the  character  of  the  ore  observed  at 
different  points/^ 

The  theory  above  outlined  was  originated  and  applied  by 
Dr.  Hayes  to  the  Georgia-Alabama  deposits.  It  is  here  re- 
viewed and  discussed  at  some  length  for  the  reason  that  after 
a  careful  study  of  the  same  region  by  the  writer,  Dr.  Hayes' 
theory  more  completely  covers  the  essential  features  required  of 
a  satisfactory  theory  and  explains  the  conditions  in  the  field  as 
the  writer  saw  them,  than  any  one  yet  advanced. 

Age  of  the  Deposits. 

Dr.  Hayes*  has  given  an  excellent  presentation  of  the  phys- 
iographic development  of  northwest  Georgia,  and  the  contigu- 
ous parts  of  Alabama  and  Tennessee.  Hayes  points  out  in  this 
development  three  levels  of  planation  in  the  bauxite  area,  the 
'  two  oldest  ones  corresponding  in  age  to  the  Cretaceous  and 
Eocene  periods,  respectively.  It  is  further  shown  that  the  sur- 
faces of  the  dolomyte  i)lateau  and  ridges  of  the  bauxite  region 
determine  the  Eocene  base-level  plain,  corresponding  to  an 
altitude  of  about  950  feet  above  sea  level.  The  majority  of  the 
bauxite -deposits  where  not  deeply  eroded  are  found  between 
the  levels  of  900  and  950  feet.  Since  the  altitude  of  the  deposits 
corresponds  closely  to  that  of  the  Eocene  peneplain,  they  could 
not  have  been  formed  previous  to  that  time  as  the  ore-bodies 
are  shallow  surface  deix)sits.  Nor  could  they  have  been 
formed  after  the  plain  was  uplifted  and  eroded  without  chang- 
ing the  place  of  deposition  of  the  ore-bodies.  This  would 
apparently  fix  the  age  of  tlie  bauxite  deposits  sometime  near  the 
close  of  the  Eocene. 


•op.  cited,  pp.  551-562. 

PhyRio>sraphv  of  the  Chattanooga  District,  in  Tennessee,  Geor>fia.  and 
Alabama.  Smete'enth  Annual  Report,  I'.  S.  Geol.  Survey,  1897-98  (1899),  part 
ii,  pp.  1-58. 
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THE   ACE  OF  THE   KANSAS-OKLAHOMA 

RED-BEDS. 

By  J.  W.  Bbkde.  EfBojEhaxn.  Kansas. 

The  •■Ri;fI-l>eM.s"  of  Kansas  and  Oklahoma  have  bevn  re- 
fcrrtd  to  all  the  f^i:iArjfr\c  jxricxls  from  the  Permian  to  ibt  Lre- 
taof'piis  inckisive.  I'ntil  recently  no  fossils  have  been  knowT 
from  ilie-e  deix>sits.  The  thickness  of  these  beds  in  Kan>a>  is 
al>«.m  I.I ^o  feet. 

A  tVw  years  a;^o  I'rof.  C.  X.  (irnild  found  some  iinptr- 
tcctly  j^rcscrved  ostrac^xl  crustaceans  which  Mr.  T.  Ruj)cTt 
[^»nL>  referred  to  a  Triassic  group  of  the  genus  Esthcria  under 
the  name  listhcria  niitaiia.  A  little  later  Prof.  Goidd  found 
^-onie  excellent  specimens  of  liriops,  a  Permian  vertebrate,  as- 
N^»ciated  with  these  >ame  fossils,  all  of  which  came  from  near 
the  lja>e  of  the  beds,  leaving  the  age  of  a  majority  of  them  still 
in  <loubt.  esi>ecially  those  al>ove  the  great  gypsum  be<l<. 

La^t  summer  professor  ( iould.with  a  party  of  the  Oklahoma 
ger»K;gioal  survey,  <liscovered  fossil  invertebrates  at  Hor>e 
Si)rings,  we>t  of  Alvjf.  (.).  T.,  above  the  Cave  Creek  gypsum 
nearly  at  the  tnp  of  the  red-beds.  The  fossils  were  submitted 
t'»  the  writer  for  identification  and  later  to  Mr.  Charles 
Scluichert.  who  <»tTered  some  valuable  suggestions.  They  are 
mainly  jnlecyp* »ds  with  a  species  of  brachiopod  and  a  fe\r 
^a>ln>pfKls. 

Though  no  s])ccie>  (»f  CtniocartifnuL  so  far  as  I  am  aware. 
i-  known  fp»in  the  I^nver  Pennian  of  Kansas  or  ( )klahoma. 
yet  this  Carboniferous  genus  is  represcoted  in  the  collection. 
.i:'iculopcctcu  occidcntalis  (  Shuniv »  Meek,  is  also  present  and 
one  other  s]>ecie<  l>earing  somewhat  of  a  resemblance  to  it  but 
quite  different  from  it  in  some  respects,  is  also  nrcsent.  One 
of  the  ooninK^n  fossils  is  jl  biplicate  terebratuloid.  Di^lasina 
s.chuchcrti  Ueede/  belonging  to  a  group  of  this  genus  hereto- 
fore unknown  in  tlie  American  Permian.  Mr.  Schuchert  in- 
f'»rn!-  Hie  that  it  is  verv  similar  to  a  species  of  this  genus  de- 
-iTili<(l  by  W'aagen  from  the  Permian  of  EuroT>c. 

Anion.u:  tile  other  genera  represented  are  Schizodns.  Xati- 
C'.p.s'is  and  l^icitrnphonis. 

•  Stt  ffirtlKotriiijj^  Rep.  Geol.  Surv.  O.  T. 


Tilt    lyr •.--•?!;.':   t^    iiv— .:    T.^-i:-    -j-.-.i-'-  i;:!v. 'ii-r-air-  rii:    ':•-- 

"Hi'  "lilt    l:M     'T    tn-.    <r  i:- 

Taiiiiii    III:-   :!:i'     .■'-ii-:ii-."r.i!:"i     ::\-  in\:iuv-^-   ••■    :i::     •  •.'*- 

See:  i.r  iii*.    .  v)rs'    ■ -rmriai      T-,..|..ii.  .m^         r,    i-.;:    r-  -;-. 


A   SHDKT   DISCUSSION    D-    Tr-:£    :»f:iC.iN    Or    THE 

CC  A.-^  WEAS^ITIES  r:F:£  C^AVS 

Trir  i:inn:::;i'::i-:r"-  :>■    i:::    i-s^r.    :■•■'  .    :::;::.■    -■  r-..  •*  —     .•:; 

aVrt  »Tir-'    -i-j.»-    H".  ■;  iiii  i""    ■'i\i'*  <     ".■.■   :.^        '"^'^ —       •     »-i.       ../—-... 

A..  MX,  .    '    .—LI..        .1 14*..    *-.!«•        ...-:^       .;•■'  I  J.  :,  ,         •.<.. 

j**r.-  - -^  |-:...«   I*     \      ■■k— ■-.,»-     ,•«—,-.-   .    •  ■  .-     ■••,-      ;■  -    .  •    •!  •.....,-..,,. . 

\  aji    '  ..       'I....  *        .>...>  aiaii  ...         ....      ••        _^.*  all         ....     L 

•.^t^l.  .....  ■>  ..  *»^  ...l*^.  I       .a..^a«.'-''  •  .....I*       .at.k.  ^      ift 

Iff  -  '       '*K.  .k.  ..'.  ..A*.  '.  !.■'•..  a^^.'aa.  a  ..  .1*. 

C,--'    •—••—,-••    ;:■•,        •■■..       -..--      ...».,,,.     ..       ..^. 


I  r— -      -  • 


fi^-     :•      - 


I » I     . . .  •, 

h.  .;  t'-.         -- -  -.        .        -  - 

CUT  :r.  ::.'.  .  • 
tcirr:.  l-  ^:  ;  ..■ 
venitnt  •::--  ^ 
inatii.'H  ti.v  /- 
and  th">v  :':■.- 
ports  liu  :v~ 


48  The  Anierican  Geologist.  j=it  :>.i. 

clu-niical  and  the  fire  resisting  qualities  have  later  fxren  drter- 
mined  in  the  laboratory  they  can  then  be  distinguished  as  pert 
and  impure,  high  grade  and  low  grade,  or  poorly  refraciorr 
and  highly  refractor^'. 

While  the  present  [)aper  deals  principally  with  the  bhic 
clays  of  the  0>al  Measures,  the  term  fire  clay,  of  course,  cannot 
properly  l)e  limited  to  these  clays,  as  valuable  refractory  cla;-* 
occur  in  strata  both  older  and  newer  than  the  Coal  Measum 
without  any  connection  with  coal  seams  of  any  kind.  Thus,  in 
Missouri,  fire  clays  occur  in  Lower  Carboniferous,  Silurian, 
and  ( Jrdovician  strata  and  in  Xew  Tersev  in  Cretaceuus  or 
more  recent.  Many  of  the  residual  kaolins  of  the  Piedmont 
l)elt  are  highly  refractory. 

The  explanation  commonly  offered  for  the  origin  of  the 
blue  fire  clavs  of  the  Coal  Measures  is  that  thev  are  the  soil?  on 
which  grew  the  vegetation  that  forms  the  coal  seams  lying  on 
top  of  them,  and  the  reducing  and  leaching  action  of  the  v^- 
table  acids  from  the  living  and  the  decaying  vegetation  \a^ 
changed  the  common  clay  to  the  refractory  fire  clay.  Thi<  ap- 
]K*ars  to  be  a  satisfactory  explanation  for  many  of  the  clays, 
but  there  are  some  of  the  deix>sits  that  arc  not  satisfactorily  ex- 
plained in  this  way. 

The  deoxidizing  and  leaching  action  of  lx)th  living  and  de- 
caying vegetation  is  illustrated  in  many  of  the  lx)gs  and 
swani])s  of  the  ]jresent.  and  in  a  less  degree  in  the  meadow  and 
the  inrest  soil.  The  organic  acids  of  the  vegetable  matter  are 
strong  reducing  agents  and  under  their  action  the  red  and 
yellow  ferric  oxides  are  changed  to  the  lower  gray  or  bluis^h 
tL-rrou^  oxide  in  which  form  it  is  soluble  in  the  acids,  and 
where  there  is  sufficient  circulation  the  iron  may  be  either  car- 
riid  away  in  solution  or  segregated  into  beds  of  iron  ore. 
J'rkL^Mnent'i  of  minerals  containing  alkalies  and  alkaline  earths 
may  be  l)P»ken  ii])  by  the  vegetable  acids  into  separate  com- 
|)«)iin(l>  and  the  alkaline  Mibstances  dissolved  in  the  water  and 
part  rarri(.<l  away  in  solution  and  part  may  be  taken  up  by  the 
l»]am^  aii'l  luld  in  \\w  carbonaceous  matter  of  the  muck  of  the 
No-  .  ,1  the  present  «»r  tlie  C(>al  bed  of  the  older  j^eriod.  It  some- 
tiiiir-  ]iai)j)^!i-  tliat  there  is  better  drainage  into  the  bog  than 
(Hit  <.;  it.  and  ilie  iron  leached  from  the  surroimding  region  may 
l/L  carried  int.-  tlie  l)<»c^r  '^i^^(\  deposited  as  an  iron  ore. 
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The  general  order  of  occurrence  is  first  the  clay  overlain  by 
the  ore,  followed  by  the  coal,  but  it  frequently  happens  that 
one  or  more  of  these  substances  are  lacking.  Sometimes  it  is 
the  ore,  sometimes  both  the  ore  and  the  coal,  and  less  commonlv 
the  clay.  That  is,  in  some  places  coal  seams  occur  without  any 
underlying  clay,  and  in  many  places  the  clay  occurs  without 
any  overlying  coal.  Again,  it  frequently  happens  that  the  clay 
may  form  one  or  more  seams  in  the  coal  bed ;  thus,  in  the  fam- 
ous Pittsburg  coal  seam  in  south>vestem  Pennsylvania,  and  in 
West  Virginia,  the  inclosed  fire  clay  seams,  several  in  num- 
ber, are  remarkably  persistent  and  regular  in  thickness  over 
wide  areas. 

We  find  some  phenomena  in  connection  with  the  occurrence 
of  the  fire  clays,  and  the  coal  seams  that  are  difficult  to  har- 
monize with  the  above  outlined  theory  of  origin.  Thus,  if  the  fire 
clay  is  the  soil  on  which  grew  the  vegetation  that  forms  the  coal, 
and  in  so  doing  changed  the  common  clay  to  fire  clay,  how  are 
we  to  explain  (i)  the  occurrence  of  fire  clay  beds  free  from 
coal  of  any  kind,  (2)  that  such  clay  is  frequently  of  better 
quality,  that  is,  more  refractory  than  that  which  is  overlain  by 
coal,  (3)  the  great  thickness  of  some  of  the  beds,  and  (4)  the 
coal  seams  deposited  on  yellow  shales  or  sandstones  entirely  in- 
dependent of  any  fire  clay  ? 

(i)  Fire  clay  beds  not  overlain  by  coal. — Comparatively 
little  is  given  on  this  point  in  the  literature,  but  the  observa- 
tions of  the  writer  in  several  diflFerent  coal  basins  lead  him  to 
think  that  this  is  a  rather  common  occurrence.  In  Clearfield, 
Indiana,  Westmoreland,  Clinton,  and  Tioga  counties,  Pennsyl- 
vania, these  coalless  fire  clay  seams  occur  in  considerable  num- 
bers. 

The  fire  clay  in  these  cases  might  have  been  formed  in  the 
usual  way,  and  the  absence  of  the  coal  explained  by  the  fact 
that  (a)  the  carbon  might  have  been  oxidized,  owing  to  long 
exposure  before  the  overlying  sediments  were  deposited,  or 
{b)  the  carbonaceous  material  may  have  been  eroded  before 
the  deposition  of  the  next  stratum,  (c)  Another  and,  in  some 
instances  more  probable  explanation,  is  that  the  clay  was  fire 
clay  before  it  was  def)osited  in  its  present  position,  that  is,  it 
was  changed  to  fire  clay  in  some  other  locality  and  was  then 
eroded  and  transported  as  sediment  and  deposited  in  its  pres- 
ent |X>sition  in  much  the  same  condition  as  it  is  at  present. 
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(  2  )      Tl\ii  clays  that  occur  free  from  the  coal  ov.:?;.*.^*  j.v  :r 
to  he  more  refractory  than  those  iinder/yin^  coa!   <cj}-:s.—\i 
is  a  matter  of  observation  that  the  mi:>st  rerractor\'  clay?  in  :::t 
(."oal    Measures  are   found   anions  those    which    have  n-.'  c -a! 
i  .verlyinjTthem.  This  may  he  due  partly  to  greater  oricrina!  pn-.:;. 
and  partly  to  a  leachin*^  suhsequent  to  the  elevation  •  a"  the  lane 
Thus  the  secondary  deposition  of  the  clay    \v«.»iiM  ten/i  i-..  re- 
move a  jT^reater  percentajsre  of  the  stjliihle  bases  thai  f-.-rr.  :he 
Huxin.i:^  constituents  and  after  the  elevation    «_>i    the   Ian*!  :m 
leaching  hy  the  meteoric  waters  would  tend  to  'itill  fitnlier  Tv 
m«ive  the  soluble  materials.     The  texttire  oi  clay  is  n-'t  fav-r- 
able  t«»  the  ra])id  perc«>lation  of  water,  but  thr?  sli«\v  circuiati«''n 
through  a  liintr  perirnl  of  time  may  accomplish   tlie  saiiv  rt> 
>ult.     The  accumulatii>n  of  the  inm  carl>:»nate  ("*the  i»re  !>a">*'i 
«►  abinidant  in  s<.)me  places,  shows  that  the  water  diie-^  p>erc> 
late  tiirnu,;::li  tlie  clay  to  some  extent.     Where  the  clav  is  ..ver- 
lain  by  coal,  tiie  tendency  is  often  the  opp«->site  to  the  al.N-.veanl 
in  111  is  carried  int«>  the  clay  from  the  t>xidizinc:  pyrite  in  v.t 
overly iiiicr  coal. 

I  3  I  77/c  i^/vi//  thickness  of  some  of  the  cliiy  heils. — In  "iinie 
places  the  tire  clay  deposits  are  thirty  feet  or  mure  in  t£i:ck-rc:>>. 
<  )ne  can  hardly  C'»nceive  how  the  vejjetation  jL;rrri\v:n.i:  '..:i  :he 
r.'[.  «'t  a  dep«'^it  of  this  thickness  wouM  extract  the  ir-.ri  aiu." 
tl'.e  alkalies  from  the  entire  hnW  oi  the  clay.  If  it  were  f-in:io-! 
in  ihi<  wa\  « ►ne  wuld  naturally  expect  the  upper  i)art  Xr*  i»c  the 
j;iin>t.  and  at  loa<t  <onie  considerable  f)ortions  **i  the  ni:<M;e 
nnd  low^T  portions  t«»  be  unchanj^fed.  Instead  we  tind.  -"  i^i" 
a-  tluTe  i>  any  «litYerence.  that  the  lower  part  is  likelv  i-i  W 
till-  be>t  cia\  and  the  {mm ►rest  part  at  the  top. 

Ai  I  ►«  'livar,  1  'a., the  tlint  tire  clay  is  over  twenty-tive  feet  tliick 
an-!  «»verlyin|L,^  it  lutweeu  the  clay  and  the  coal  there  are  several 
u-t.i  >if  ^liale.  Ii<»w  would  it  K*  possible  for  the  plants  i^f  thi'^ 
••'.ril  -vani  t"  leach  »ait  the  in»n  and  alkalies  from  tweniv-tivtr 
I'rrt  "I  rlay  wiun  tluTe  are  several  feet  v»f  imchaniEjed  >halc 
|-  iniT  Im!  W'-'-n  tiuin  ? 

.\:  I ;!' .--^nrLT.  I'a..  there  i*^  a  bed  of  fire  clav  i :;  t<»  j;  f^-et 
]]-.:/::.  vitl:  :^"  ^'^'il  "r  i;arbonace<Hi>  matter  associated  witii  ii. 
.'ii:'!  ':-■  ''<.--'l  )'l;int  rrinain>  in  <o  far  as  known.  The  laminair! 
-':;•.•: '.'.r*  -f  ^;  ■'-  'i<.r",'sit  is  a<lditi.»nal  evidence  in  supiKTT  v'f 
\\  (■  1  ■.!'.<•:*  '!■.:.■  *:^  ';!;iy  wa^  lire  clay  at  the  time  ni  its  dep'-i- 
ii..:i  :i:;.!  n-  ■  .  \:[\   !::at  l:a-^  i)een  clianj^ed  in  situ. 
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By  paralleling  the  general  sections,  the  exact  stratigraphical 
relationships  of  the  various  formations  may  be  clearly  ^ep^^ 
sen ted. 


WINSLOVV,    1896.  KEYES,    1895. 


Potosi  limestone 

St.  Joseph  limestone 
La  Motte  sandstone 
Iron   Mountain  conglomerate 


Le  Sueur  dolomyte 
Fredericktown  dolomyte. 
La  Motte  sandstone 


The  names  defined  by  Winslow  were  incidentally  men- 
tioned by  him  a  year  previous*  to  the  publication  of  his  de- 
scriptions, but  at  that  time  without  definition.  When  the\" 
were  fomially  proposed!  another  set  of  names  had  been  de- 
fined for  the  same  region. 

Stratigraphically,  the  Iron  Mountain  cong^lomerate  cannot 
l>e  considered  as  a  distinct  geological  terrane,  unless  the  orig- 
inal signification  of  the  title  be  wholly  changed  and  restricted 
to  the  conglomerates  encircling  the  peak  of  Iron  mountain 
alone.  On  the  same  horizon  of  unconfonnity  and  over  a  lar^e 
area,  similar  conglomerates  occur.  These  beds  are  not  only 
not  continuous,  but  they  are  often  widely  isolated  and  nsnally 
of  very  local  extent.  Moreover,  if  it  were  desirable  to  have  a 
name  undefined  stand  for  this  conglomerate  the  temi  suggcsteii 
would  have  priority  in  another  sense.  It  was  used  with  defin- 
ite a])plication  tt)  the  porphyry  of  the  region.  J  The  recop^ni- 
tion  of  the  ])orphyry  as  a  distinct  formation  is  all  the  more 
significant  since  it  has  been  found  that  it  is  really  the  upper  part 
of  the  general  granite  mass  of  the  area.?}  The  conglomerates 
when  they  occur  may  be  properly  regarded  as  local  basal  facies 
t)f  the  La  Motte  sandstone. 

In  l)oth  of  these  sections  mentioned  above,  the  stratigraphical 
<lcliniitation  of  the  La  Motte  sandstones  is  essentially  the  same. 
1  lie  same  is  true,  to  all  ])ractical  intents,  of  the  Fredericktown 
formation.  Rci^^arding  the  title  St.  Joseph  that  is  used  in  the 
Inillctin  of  tlie  I'cderal  survey,  it  may  be  said  that  the  defini- 
tion nf  the  formation  was  not  published  until  a  year  after  that 

'Missouri  (icol.  Sur..  vol    vi.  IMK".  p.  331. 
•;/>'f;//.  r.  N.  Ccol.  Sur  .  No.  131'.  1  sl)6.  p.  H, 
;.\1  issonri  ihoL  Sur.,  vol.  vi.  1S<»4-    ]).  30. 
iliiill   (rcol.  Sue.  Anicric/i'.\()\.  vii.  1  S90,  p.  303. 
r    N.  thr.l    Sur.  Bull.   \'A'J,  lsl>0.  p    11. 
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of   the  Fredericktown.*     To  be  sure,  the  title  St.  Joseph  ap- 
pears  in  the  lead  and  zinc  report  of  Missouri,  published  in 
1895,  ^"^  ^^  ^'^s  merely  a  name  in  a  table  of  provisional  for- 
mations, and  was  given  as  an  alternate  with  St.  Francois  lime- 
stone.    In  spite  of  this  fact,  this  name  might  have  been  adapt- 
ed at  the  time  in  the  special  report  on  the  Mine  la  Motte  district 
and  used  in  place  of  Fredericktown  had  it  not  been  for  the 
circumstance  that  essentially  the  same  name  had  been  previous- 
ly proposed^  in  due  form  for  an  important  terrane  in  north- 
em  Arkansas — the  St.  Joe  marble  fonnation. 

The  LeSueur  dolomytej  of  the  Mine  la  Motte  district,  rep- 
resents onlv  about  the  lower  third  of  what  was  later  denom- 
inated  the  Potosi  limestone.  The  latter  name,  moreover,  like 
St.  Joseph,  was  merely  mentioned  in  the  general  lead  and  zinc 
report.  As  a  matter  of  fact,  little  is  really  known  about  the 
stratigraphy  of  what  is  colored  as  the  Potosi  limestone  on  the 
map  accompanying  the  bulletin  of  the  United  States  Geological 
survey.  And  it  is  excee<linglv  doubtful  whether  the  beds 
which  have  been  termed  the  LeSueur  in  the  Mine  la  Motte  dis- 
trict are  represented  at  all  in  the  Potosi  limestone  further 
north  near  the  typical  locality. 


EDITORIAL  COMMENT. 

THK   SrpPOSKI)   HKCKNT    SlUM  KRCIiXCK   OV   SIUKRIA. 

Prof.  Cj.  V.  Wright  finds  that  the  country  skirting  the  great 
central  Asiatic  table-land  is  loaded  with  the  fine  deposit  kiDwn 
as  "Loess."  This  consists  of  water-lK)nie  deposit  for  the  most 
part  though  in  the  east  tlie  aeolian  origin  as  maintained  by 
professor  Richthofen,  seems  very  pr(>ha])le.  If  this  material 
is  of  glacial  origin  ultimately,  as  is  the  case  in  other  parts  of 
the  world,  this  view  merely  ex])lains  its  mode  of  <leposition. 
It  must,  then,  be  the  "glacier-milk"  <»f  the  glacier-system  of  the 
central  plateau  brought  down  by  the  rivers  that  t1(>\v  down  the 
long  shapes  and  (lro])])ed  on  the  lowlands  adjoining. 

I>ut  professor  Wright  says  that  tlie  altitudes  of  the  strata  of 
loess  are  such  as  to  prove  a  su])si(lence  of  the  whole  regi<»n  in- 

*\lissouri  (ieol.  Sur  ,  vol.  ix,  1S*».".  pt.  iv.  p.  -1-s. 
^Arkansas  Gcol.  Sur.,  Ann.  Kcp.  1  ^l»n.  vol.  iv.  ls9:*..  p.  'Jr>:\. 
tXIissoun  Ocol.  Sur.,  vol.  ix,  pt.  iv,  1^1)5,  p.  r.i'. 
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other  branches  of  the  science  are  far  from  abundant.  The 
scarcity  of  material  at  hand  has  l>een  a  factor  in  the  develop- 
ment of  the  methods  used  by  professor  Calvin. 

Textbooks  and  other  literature  are  recommended,  and  the 
students'  reading  is  directed,  but  no  definite  assignments  are 
made,  nor  is  any  attempt  made  to  follow  the  text  in  the  presen- 
tation of  the  subject.  The  department  is  stored  with  a  great 
variety  of  specimens  illustrative  of  dynamical,  physiographic, 
and  historical  geolog>'.  These  materials  are  in  daily  use,  and 
it  is  one  of  professor  Calvin's  maxims,  that  a  lecture  in  geology 
without  specimens  to  illustrate  it.  is  an  imposition.  The  lec- 
ture-room is  furnished  with  table-like  desks  accommodating 
eight  students  each,  and  aflfording  room  for  the  free  use  of  spec- 
imens during  the  lectures.  Rapid  chalk-sketching  and  tabula- 
tion are  used  whenever  the  subject  under  discussion  makes  it 
XX)ssible. 

Perhaps  the  most  unique  feature  of  the  methods,  is  the  con- 
stant use  of  camera  and  lantern.  The  camera  had  been  made 
to  bring  the  outside  world  into  the  classrcK)m.  and  large  col- 
lections of  lantern  slides  and  sets  of  photographs  are  used  lo 
illustrate  the  grander  structural  and  physiographic  phenomena. 
In  addition  to  this  use  of  photography,  each  student,  during 
the  course  gets  between  sixty  and  seventy  large  kallitype  i)lates 
to  illustrate  his  ])enuanent  notelxx^k.  These  plates  include 
over  five  hundred  figures  of  pliysi()gra])liic  features,  structural 
forms  and  fossils.  The  students  furnish  the  ])aper,  and  it  is 
sensitized  and  printed  in  tlie  (lc]xirtnient  laboratory.  Students 
who  can  do  so.  may  use  the  negatives  an<l  make  their  own 
plates. 

The  <nulines  of  lectures  taken  in  the  classroom  are  elaborat- 
ed and  the  work  is  re-written  on  fiat  i>a])er  and  bound  with  the 
plates  in  j)atent  covers.  These  ])ennanent  notebooks  are  calle<l 
in.  corrected  and  graded  twice  a  term.  W'itli  classes  that  meet 
^\Q  times  a  week,  written  or  oral  reviews  are  given  about  onix- 
a  week. 

Regular  field  tri])s  are  made  as  tre(|nently  as  ])os<il)le.  lU'- 
fore  the  cl<>se  of  the  year,  each  student  collects  material  froiii 
all  sources  in  the  neiglibnrluMxl  of  the  cit\'  and  presents  it  i.i 
the  classrooTU  with  a  written  sketch  of  the  Li-coloi>\'  of  tlu* 
region.  d.   k.  (.. 
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RI\'ER    PROFILES. 

An  interesting  and  valuable  publication  of  the  Depaninem 
of  Hydrography  of  the  United  States  Geological  Sur\-ey  on  the 
Profiles  of  Rivers  in  the  United  States  bv  Henr\-  Gannett,  has 
just  been  published  and  is  now  available  for  distribution.  It  em- 
bodies within  loo  pages  the  leading  facts  of  about  150  of  the 
most  important  rivers  and  streams  of  the  count r>-,  noting  their 
length,  drainage  area,  the  location  of  water  power  in  their 
courses,  their  peculiarities  of  flow  and  the  nature  of  their 
drainage  basins. 

The  rivers  selected  are  those  which  are  the  largest  in  size 
and  bear  most  directly  upon  the  varied  interests  of  the  country 
such  as  the  Connecticut,  Hudson.  Susquehanna,  Ohio,  Po- 
tomac, Mississippi.  Missouri,  Platte,  Colorado,  Sacramento, 
Columbia,  and  others.  The  figures  for  the  tables  sho\\in^'^ 
hight  above  sea  level  and  fall  per  mile  were  collected  from 
various  sources.  Some  were  obtained  from  the  re|X)rt  of  the 
Chief  Engineer  of  the  United  States  Army,  some  from  railri>ad 
companies  when  their  lines  cross  the  streams  and  some  frnm 
the  atlas  sheets  of  the  United  States  Geological  Siin-ey. 

In  the  case  of  such  rivers  as  the  Connecticut.  Susquehanna. 
Mississippi  and  Colorado,  where  the  surrounding  countr\-  is.  in 
])art  or  whole,  of  peculiar  physiographic  interest,  ver^-  excel- 
lent and  vivid  descriptions  of  its  leading  physical  characteris- 
tics are  given  which  add  t(^  the  interest  and  render  it  valuable 
fn»m  an  educational  standpoint  in  geographic  and  physio- 
.i4Taf)liic  instruction. 

The  pamphlet  is  the  result  of  much  careful  work  and  is  the 
hr>t  aiicnipt  to  collect  and  compile  this  information  in  its  pres- 
t'ln  form. 

(".IIPH    Tn    THK   (.HlOI.rK'.V   OF    XI.XGARA    FALLS. 

We  reierre«l  in  the  last  number  of  the  Geologist  to  Mr.  <k 

K.    <  iiihert's   resiiir.e   of    the     Falls  of    Niagara,   and   to  the 

•   ^T    •  f    iIk     reL:i"ii     lately     issued    by    the    United     States 

'  .    ''.■  '^w:l\      SiirveN .        M<»re      recently      a      nwre      complete 

\,/..  .■    ••  ''h    uTt    1   l;}    an.l   ])aleontolog\-    of    Niagara    Falls 

-.:.  ■       \\r.'r\\-."     ;  a-     %i.cn     published      by     the      New     York 

.--:.•       M--.-i-.:::\    :i-     r.:::i(Li::i     Xo.    54.    vol.    ix.    April.     1901. 

>    •-     ■.     i  I-.     \.      \\  .    <  :ra'»an.     -f   the    Rensselaer  F'olytech- 

!•>':/:.:.*  Tr  ■..  X    \'.      1:  also  contains  a  gh>ssary  of  pale- 
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ontological  nouns  and  adjectives  not  generic  nor  specific,  these 
being-  gathered  in  an  index.  The  preface  is  by  Dr.  John  M. 
Clarke.  This  work  is  accompanied  by  a  geological  map  of  the 
Niagara  river  by  Dr.  Grabau,  and  by  several  plates  showing 
natural  scenery.  Dr.  Clarke  states  that  it  is  a  volume  produced 
by  the  co-operation  of  the  Buffalo  Society  of  Sciences  and  the 
department  of  paleontolog}'  of  the  New  York  State  Museum. 
but  the  work  of  collection  of  the  data  and  the  discussion  of  the 
same  is  wholly  by  Dr.  Grabau.  It  is  very  thoroughly  and  care- 
fullv  done,  and  the  volume  certainlv  constitutes  a  suitable  and 
creditable  summar>-  of  the  work  of  the  century  bestowed  by  ge- 
ologists on  the  features  of  the  cataract  and  its  gorge,  and  on 
their  pleistocene  history.  The  geologists  of  the  coming  cen- 
tury, having  this  epitome  and  guide,  will  certainly  have  no 
mean  opinion  of  the  labor  of  their  predecessors  on  this  greatest 
object  lesson  of  pleistocene  geolog>'. 

1  ne  investigfations  of  Hall,  whether  on  the  measurements  of 
the  gorge  or  on  the  rocks  and  their  fossils,  in  1,8.^7-43.  of  Lyell, 
Logan.  ("iill)ert.  Upham.  Spencer.  Leverett.  Taylor  and  others, 
and  their  aggregate  results,  are  herfc  cast  into  one  mold,  from 
which  is  obtained  a  consistent  general  history  of  the  gorge  and 
of  the  falls.  The  volume,  however,  is  more  than  this.  It  dis- 
cusses the  entire  geologic  history  of  the  region,  detailing  the 
physical  changes  which  were  introduced  by  the  successive 
e]K)clis.  It  also  enumerates,  with  ])rief  descriptions  and  numer- 
ous illustrations,  the  fossils  that  have  been  found  in  tlie  region 
])ertaining  to  the  Silurian.  The  fossils  of  the  Devonian  are 
not  enumerated.  The  last  chaj)ter  is  a  distinct  contribution  to 
science,  being  a  complete  catalogue,  with  descriptions  and  refer- 
ences to  authorities  of  the  ]K)St- Pliocene  fossils  of  the  Niagara 
gravels,  by  Elizabeth  J.  Letson,  director  of  the  nniseuni  of  the 
P»utTal()  Society  of  Natural  Sciences.  These  post- Pliocene  fos- 
sils are  from  Goat  island,  Pros])ect  park.  Queen  N'ictoria  ])ark. 
Muchly  creek,  \Vhirl]X)ol  (both  sides  of  the  river)  and  Foster's 
Hats.  These  fossils  are  also  described  and  illustrated.  The  ap- 
pendix consists  of  a  **])artial  l)il)liogra])hy  of  the  <4^e<)l«)n\-  of 
Xiap-ara  and  the  great  lakes." 

The  volume  is  destined  to  become  a  classic  of  i^a'oloj^Mcal  lit- 
erature. ef|ually  suitable  for  the  drawin.ir  room  and  tlie  class- 
room. ^-    ^'-    ^'^  ■ 
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REVIEW  OF  RECENT  GEOLOGICAL 

LITERATURE. 


Xitf'iitcs  in  Cave  Earth.     By  Henrv  W.  Nichols.      {Jour.  Gcol,  Vol 

IX,  pp.  2.36-243.) 

'V\\\>  is  in  the  main  a  criticism  of  the  theor>'  advanced  by  He>s 
(Jour.  Geol.,  \o\.  VII.  p.  2)  that  the  nitrates  of  cave  earth  are  not  de- 
rived to  any  great  extent  from  bat  guano,  as  has  been  formerly  >yp- 
po>ed.  but  from  the  soil  above  by  a  leaching  process  followed  by  a 
deposition  of  the  salts  on  evaporation.  The  chief  objections  raised  bv 
Mr.  Hess  to  the  old  theory  may  be  briefly  summarized  as  follows:— 
I.  Bats  do  not  penetrate  far  into  caves,  which  makes  it  difficult  10  ac- 
cr>unt  for  the  presence  of  salts  derived  from  guano  and  their  unifonr. 
distribution  in  the  caves.  2.  Cave  earths  contain  little  or  no  organic 
matter.  .3.  While  the  total  phosphates  in  the  guano  and  underlying 
earth  are  about  equal,  the  soluble  phosphates  are  much  less  in  the  earth. 
In  criticising  these  objections  it  is  shown,  that  bats  do  penetrate  imn 
remote  part.s  nl  the  caves,  that  in  some  instances  cave  earths  do  con- 
tain organic  matter  and  that  the  lack  of  soluble  phosphates  in  the  earth 
is  due  to  a  >imple  reversion  of  the  soluble  to  an  insoluble  fonn.  Among 
other  tbinps  to  which  attention  is  called  is  the  presence  of  carbonates 
in  the  drip  waters  of  the  cave  and  their  absence  in  the  cave  earths, 
a  fact  which  Mr.  Hess's  theory  does  not  account  for.  It  is  thought  that 
the  amounts  of  phosphates  and  nitrates  taken  into  solution  from  the  .^^oil 
are  too  >mall  to  accoiuit  for  the  amounts  found  in  the  earth  and  that 
the  cMisidc-rable  (|uantities  of  soluble  salts  in  the  bat  guano  furnish 
a  more  probable  sf)urce  of  supply.  The  author  therefore  concludes  that 
the  old  theory  agrees  with  the  facts  better  than  the  new.         c.  H.  w. 

Molniwkitc.  By  Joskph  \V.  Ricii.vRns.  {Am.  Jour.  Sci.,  161.  457-458.) 
I'nder  the  name  luoliawkite  a  mineral  was  described  by  Ledoux 
i  i.U'^.  ^  Mill.  Jour.,  .\pr.  7.  1900,)  to  which  he  assigned  the  fomnila 
(  C"u  .\i  Co ) .  .\s.  Later  the  correctness  of  his  work  was  called  int«^ 
(jui'stion  \)\  Koeiii}.^.  wIk)  appropriated  the  name  mohawkite  for  a  min- 
ir.il  uliirli  Ik-  (U'scribe<l  iA}n.  Jour.  Set.,  Dec,  1900.)  as  having  the 
<'»niito>iiion  (  Cu  Xi  Co).  A>.  A  new  analysis  is  reported  in  the  present 
p:ipcT.  lontirniinf:^  the  correctness  of  Ledoux's  work  and  proving  the 
rxi^itnrc  of  a  molecule  (CuXiCo).As.  The  name  ledouxite  is  pro- 
jx'^rd  a-  a  uaiiu'   for  the  latter.  C.   H.  W. 

ihi  till-  i-ri_<:iii  (</  ///,■  riu'iitKrysts  in  the  Porf>hyritie  Granites  of  Geor^^ia 
\\\  I  Hn\i  \s  L.  \\'\i>oN.  (Ji'ur.  Geoi,  Vol.  IX.  pp.  97-122.) 
A  '!(  tailed  pctrojrrapliic.'il  description  is  given  of  the  porphyritic 
j.;rai:iii  -  of  ( itor^ia.  within  the  Piedmont  plateau.  The  different  area? 
air  i.i'.vtii  nj)  aioorilinii  to  their  geop:raphical  distribution.  The  follow- 
in^'  i.M't-  iiixni  liy  tin-  author  coucerning  these  rocks  are  believed  to 
iii'I'.ratf  that  the  i)li(iiocryst>  ( orthoclase)  have  been  formed  in  place 
.•r<!  .-.yy  i"'t  of  ini ratrllnric  oriu:iTi  : — 1.  IMie  absence  of  a  definite  ar- 
Tiii'^ini!  :  t    or    oricutaiiou    ai'iontr    the    ])henocrysts.      2.      Absence    of 
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phenocrysts  from  the  border  zones  of  the  granite  masses  and  a  gra- 
dation peripherally  from  an  interior  porphyritic  facies  into  an  even- 
granular  granite  of  coarse  texture  and  of  the  same  mineral  and  chemi- 
cal composition.  3.  The  absence  of  any  evidence  of  magmatic  resorp- 
tion or  corrosion  of  the  phenocrysts.  4.  The  absence  of  any  flow 
structure.  5.  The  abundant  inclusions  of  all  the  ground  mass  constitu- 
ents, a  feature  very  characteristic  of  these  porphyritic  granites.  A  table 
of  the  chemical  analyses  of  these  rocks  accompanies  the  article. 

c.  H.  w. 
Studies  for  Students.     By  O.  C.  Farringtox.     (Jour.  GcoL,  Vol.  IX, 

pp.  51-65  and  174-190.) 

This  is  a  study  of  meteorites  in  regard  to  their  chemical  and  mincr- 
alogical  composition,  their  petrographical  characteristics,  their  terres- 
trial analogies,  and  to  some  of  the  theories  relating  to  their  origin. 

c.  H.  w. 
Mineralogical   Notes.      By    C.    H.    Warren.      (Am.    Jour.    Sci.,    j6i, 

369-373.) 

The    following   minerals   arc   described : — anorthite    crystals   occur- 

ing  as  a  contact  mineral  in  the  limestone  at  Franklin  Furnace,  N.  J.; 
soda  orthoclase  crystals  of  peculiar  habit  from  a  phonolyte  dike,  Crip- 
ple Creek,  Colo. ;  iron  wolframite  crystals  from  South  Dakota ;  pseudo- 
niorphs  of  wolframite  and  scheclite  from  Trumbull,  Conn.     c.  H.  w. 

A    Text-Book    of    Geology.      By    A.    P.    Brigham.      D.    Appleton    & 

Co.     1901. 

This  volume  is  intended  for  use  in  secondary  schools.  It  is  the 
latest  of  the  series  of  Twentieth  Century  Te.rt-Books,  and  like  its  pred- 
ecessor'^,  it  is  admirably  bound  and  illustrated.  Its  treatment  of  the 
subject  is  physiographic  in  standpoint,  its  style  simple,  and  its  lan- 
guage untechnical.  Dynamical  and  structural  geology  are  treated  in 
a  manner  well  suited  to  explain  the  Essential  facts  to  young  students, 
while  at  the  same  time  its  conceptions  are  thoroughly  up  to  dale.  Its 
treatment  of  historical  geolog>'  is  over-brief,  l)eing  merely  a  summary 
of  life  development  and  of  continental  evolution.  There  are  excellent 
pictures  of  fossils,  but  the  discussion  of  them  brings  out  little  beyond. 
geographic  distribution.  No  attempt  is  made  either  at  a  phylogenetic 
interpretation  of  fossils,  nor  is  the  method  of  determining  geological 
horizons  by  means  of  them  discussed.  There  is  no  suggestion  of  the 
manner  of  interpreting  past  conditions  from  the  paleontological  evi- 
dence. The  term  Lower  Silurian  is  retained  in  preference  to  the  more 
generally  accepted  Ordovician. 

The  lK)ok  is  the  best  elementary  text-book  yet  produced.  As  Gil- 
bert said  in  his  Lake  Bonneville  Monograph,  "it  is  through  the  study 
of  the  phenomena  of  the  latest  period  that  the  connection  between  pres- 
ent processes  of  change  and  the  products  of  past  changes  is  established." 
Mr.  Brigham  is  the  first  to  make  in  a  text-b(x>k  the  true  use  of 
physiography,  not  as  a  separate  department  of  geology,  but  a^  the  key 
to  all  the  others.  With  biological  and  stratigraphical  explanations  from 
the  teacher,  the  book  will  be  admirably  suited  to  the  purpose  for  which 
it   is   intended.  i.  h.  o. 
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J*HnF.  11.  C.  liKKLKR.  of  Cambria,  Wyo.,  has  been  appointed 

statr  t(c-«)]()jj[isl  of  W'voniinc^. 

Tm:  m:xt  mkki  i.nc.  of  titk  Ixtern.\tion\al  ^^IXIN^.  O^x- 
iiki:>s  will  Ik"  lu'ld  :il  lioisc,  Idaho. 

Mk.  W.  !^.  (iui.sLi:^.  latt'  of  Erie,  Pa.,  has  retunied  to  Eng- 
land,     llis  address  is  Derby.  En^. 

ri<oi\  I.  ( '.  II. \K  1/1:1. L,  of  the  Illinois  Wesleyan  I'niversity, 
is  eiiLiaued  for  the  summer  with  the  Indiana  (leolo^cal  Survey. 

Tump.  ( ".  v..  \ w  I'arxkvkld.  of  Minneapolis,  has  recently 
niad.e  a  ])n  >fes>i«  .nal  tri])  to  ( irand  Encampment,  Wyo.,  and  to 
Tiniio.  I  tall. 
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at  $221,970.  None  of  these  lands  have  been  sold.  The  build- 
ings erected  at  Butte  were  not  paid  for  by  the  state,  ])ut  by 
thirty-year  bonds  secured  by  these  lands,  the  state,  however, 
having  guaranteed  both  principal  and  interest. 

Mr.  H.  W.  Pearson,  of  l)i  luth.  recently  brought  a  novel 
suit  against  the  Great  Northern  Railroad  company  It  was 
tried  at  St.  Paul  and  the  question  at  issue,  viz :  that  of  a 
money  consideration  of  a  million  and  a  half  of  dollars  for  dis- 
covering coal  in  Montana  and  Washington,  was  left  undecided 
by  a  disagreement  of  the  jury. 

Mr.  Pearson  induced  the  president  of  the  Great  Northern 
company  (Mr.  J.  J.  Hill)  to  employ  him  to  search  for  coal 
along  the  line  of  the  Great  Northern  R.  R.  in  1896,  under  the 
fiiidance  of  a  new  hypothesis  and  law  which  he  (Pearson) 
claimed  to  have  discovered.  The  law  of  Pearson, on  examination 
by  comfKftcnt  geologists,  proved  to  Ix*  wholly  groundless  and 
jiierile.  It  assumed  that  the  earth's  crust  has  never  Ihhmi 
elevated  and  depressed,  that  the  ocean  had  flooded  alternately 
the  northern  and  the  southern  hemispheres  under  the  disturb- 
ing action  of  ice-caps  as  suggested  by  Croll,  that  such  floo<ling 
disrupted  the  then  growing  forests  and  carried  the  debris  as 
driftwood  against  pre-existing  highland  barriers  that  were  not 
submerged,  that  such  driftwood,  so  Icnlged,  was  accumulated 
so  as  to  form  coal,  that  all  coal  "on  earth"  could  thus  be  IcKated 
when  once  the  topography  and  the  (x-eanic  currents  were 
known,  that  the  deposits  of  Wales,  those  of  Pennsylvania,  Ohio 
etc.,  were  of  glacial  or  post-glacial  date,  that  the  Montana  and 
Washington  coals,  whether  Cretaceous  or  Tertiary,  were  of  the 
same  age  as  those  of  Wales  and  Pennsylvania,  that  tlie  coals 
known  to  have  greatcM-  elevation  were  of  earlier  date  than 
those  of  lower  altitude,  that  the'Crollian  submergences  were 
greater  in  earlier  geological  (glacial?)  time  than  in  the  later, 
that  the  evidences  of  such  submergences  consist  in  the  beaches 
that  are  scattered  over  the  country,  that  the  beaclies  tliat  have 
been  described  about  glacial  lakes  in  the  United  States  sncli  as 
the  "l)oulevard  beach"  at  Dnhith,  and  those  of  lake  Aji^^assiz. 
arc  ancient  ocean  lK*aclies.  and  coteniporary.  that  tlic  (  ojunibia 
formation  of  the  Atlantic  sea-board,  and  the  T.afayette  of  tlie 
interi<^>r,  were  coteniporary,  and  due  to  the  same  snbnierj^ence. 
that  the  whole  science  of  geoloi^y  was  to  be  remodeled  on  tin's 
law,  fonning  a  "new  geology."  and  that  this  new  geoloij:v  was 
simply  a  reversion  to  the  .i;eolo|L;ical  principles  that  were  in 
vogue  a  hundred  years  a.c:o. 

Strange  to  sav,  this  wild,  anarchistic  notion  fitrnrcd  lari^e- 
ly  in  the  suit.  Be  it  said,  however,  to  tlie  credit  of  tin-  intelli- 
eence  of  the  jury,  the  disa.i^Teenient  was  due  not  to  tlie  llieorv 
but  to  a  difference  of  opinion  as  to  actual.  <u-ii;inal  discoverv  i)\ 
any  coal  by  Pearson,  for  he  had  desi^i^nated  certain  coal  beds 
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as  probably  valuable,  and  the  Great  Northern  Railroa<l  com- 
pany had  entered  upon  them. 

It  was  shown  that  the  coal  designated  by  Pearson  lay  in 
the  coal  basin  that  had  been  described   in  the  tenth   I'niteti 
States  census  report  (1880),  by  W.  M.  Davis  and  G.  H.  Eld- 
ridge,  and  Dr.  J.  S.  Newberry,  and   by  Messrs.  Weed  and  Pirsson. 
several  years  l)cfore  Pearson  saw  it.     It  was  also  shown  thai  a 
part  of  the  area  under  contest  (the  Cottonwood  coal  area  at 
Stockett)  had  been  examined  by  the  agents  of  the  Montana 
Central  R.  R.  company  and  had  been  by  them  |>assed  to  the 
Great  Northern  R.  R.  company,  that  other  parts  had  been  ex- 
amined by  drilling  and  had  been  mapped  by  the  agents  of  the 
Sand  Coulee  Coal  company,  and  that  the  Great  Northern  R.  R. 
company  had  itself  decided  to  enter  upon  the  mining  of  that 
area  several  months  before  PearscMi  visited  it,  and  that  in  a 
small  way,  coal  had  been  mined  there  for  14  years  prior  to 
Pearson's  visit. 

The  evidence  was  clear,  the  pleading  was  direct  and  con- 
clusive, the  instructions  and  charge  of  the  judge  were  lucid 
and  sufficient,  but  the  jury  failed  to  agree  and  were  discharged. 
It  is  said  the  case  will  be  retried. 
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ORGE  MERCER  DAWSON.  ^ 

PORTRAIT. 

fe  widespread  expressions  of  deep  reg^ret  aiid  personal 
loss  following  the  death  of  Dr.  G.  M.  Dawscn  show  that  his 
was  no  ordinary  life.  Called  away  wliile  in  his  prime,  and 
with  a  past  which  gave  promise  of  great  achievements 
yet  to  come,  he  has  left  a  blank  which  will  not  s(X)n  Ix^  filled. 

Dr.  Dawson  was  the  second  son  of  the  late  Sir  J.  W  Daw- 
son, and  was  bom  on  the  ist  of  August,  1849,  i"  Pictou.  Xova 
Scotia.  In  1855  his  father,  who  had  for  some  years  been  act- 
ing as  Superintendent  of  Education  for  Xova  Scotia,  received 
the  appointment  of  principal  of  McGill  University,  Montreal, 
and  with  his  family  took  up  his  residence  there.  Instead  of 
the  magnificent  structures  of  to-day  there  were  then  on  the 
college  gounds  only  two  "unfinished  and  partly  ruinous  build- 
ings, standing  amid  a  wilderness  of  excavators*  and  masons* 
rubbish,  over-grown  with  weeds  and  bushes.  The  grounds 
were  unfenced  and  ])astured  at  will  by  herds  of  cattle,  which 
not  only  cropjx'd  the  grass,  but  browsed  on  the  slirul)s,  leaving 
unhurt  only  one  great  elm,  which  still  stands  as  the  *  founder's 
tree,'  and  a  few  old  oaks  and  Initternut  trees.""  Surrounding?^ 
of  this  kind  were  not  ideal  from  a  university  ju^int  of  view,  but 
made  a  delightful  environment  for  an  inteUigent  l)oy.  The 
numerous  wild  flowers,  the  birds'  nests,  the  fossil  shells  in  the 
blue  clay,  the  waste  waterway  where  leaves  and  twigs  became 
*'jx"tri factions."  the  lively  brook  wliere  mimic  fleets  could  be 
navigated  and  dams  constructed — the>e  and   many  other  ol)- 

•Fifty  years  of  work  in  Canada— AutobioKraphicul  notes  bv  Sir  William 
Dawson,  p.  ys. 
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ji-ci^  nx  interc'it  were  there,  and  with  the  g^uidance  and  CTc:ur- 
a£crnient  of  an  cvcr-readv  father,  the  b«:>v'5  inborn  love  •>!  ni- 
ture  was  riailv  stimulated  and  increased. 

At  ten  years  of  ajcfc  Dawson  entered  the  Montreal  Hi^h 
SoIvKil,  remain  in  j]f  there  for  one  year,  and  taking^  a  hi^  place 
in  hir>  classes.  Subsequently,  however,  owing-  to  ili-healih, 
his  education  was  carried  on  for  the  nii~>st  part  under  tutors: 
anrl  while  this  systtnn  no  doubt  cut  him  off  from  Sl^me  ad- 
van  t  a  j:,a*s.  it  j^ave  him  on  the  other  hand  \vi<ler  opj:i«>rtunitie5  f«jr 
pur>uinj^  anrl  mastering"  subjects  which  had  special  attractifriS 
for  him.  Surrounderl  by  >KX>ks,  chemical  apparatu>,  paints 
and  pencils,  the  days  were  never  too  long-,  and  photL^nraphy, 
bf I*  »k -binding,  ]>ainting  magic  lantern  slides,  and  even  cheese- 
making,  afforded  him  fascinating  occupation  and  amusement 
( >ne  who  knew  him  well  at  that  time  savs :  "He  seemed  toab- 
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sorb  knr>wledge  rather  than  to  studv,  and  every*  new  fact  or  idea 
acfjuired  was  at  once  put  into  its  place  and  proper  relation*  in 
his  orderly  mind.  He  was  always  cheerful,  amusing:  and 
popidar,  other  lK)ys  flocking  roinid  him  and  invariably  submit- 
ting to  his  unconscious  leadership.'* 

At  the  age  of  eighteen  Dawson  entered  McGill  Collqreas 
a  partial  .student,  attending  lectures  on  English,  cheiniftn. 
gtnlogy,  &c.,  during  the  session  of  1868-9.  While  a  stmlent 
at  this  time  he  wrote  a  poem  on  Jacques  Cartier  which,  while 
but  a  bnyish  effort,  was  thought  ver\'  well  of  by  his  instnicior? 
and  gave  evidence  of  his  keen  love  of  nature  and  poetic  instinct. 
The  view  from  the  sunmiit  of  ^^ount  Royal,  whither  Cartier 
was  c(>n(hicted  by  the  red  men  of  Hochelaga,  is  thus  described: 

"I'ar  on  tlic  western  river  lay. 
Like  molten  gold,  the  dying  day. 
l';ir  to  tlio  east  the  waters  glide 
Till  lost  in  Iwilight'.s  swelling  tide; 
While  all  around,  on  either  hand. 
Spread  the  broad,  .•^ilent.  trce-ciad  land ; 
.\\u\  in  tile  distance  far  and  blue 
Lnii^  >\vellinjr  mountains  close  the  view." 

The  t'nllowing  year  Dawson  went  to  London  and  entered 
the  Knyal  Srliool  of  Mines,  at  that  time  on  Jermyn  street.  He 
wa>  fond  of  the  sea.  and  on  this  occasion  made  the  passage 
in  a  sailing-  sliijx  he  and  another  young  man  being  the  only 
t)asse!i^vrs.     During  the  voyage  he  amused   himself  making 
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observations  on  the  surface  life  of  the  ocean,  and  the  phenomena 
of  phosphorescence.  He  also  studied  navigation,  under  the  di- 
rection of  the  captain,  and  the  knowledge  then  acquired  after- 
'wards  stood  him  in  good  stead  when  he  had  to  navigate  a 
schooner  along  the  dangerous  coast  of  British  Columbia  and 
the  Queen  Charlotte  Islands. 

At  the  School  of  Mines  he  took  the  full  course  of  study,  ex- 
tending  over  three  years,  and  passed  as  an  associate.     At  the 
end  of  his  second  year  he  carried  off  the  Duke  of  Cornwall's 
scholarship,  given  by  the  Prince  of  Wales,  and  on  graduation 
stood  first  in  his  class,  obtaining  the  Edward  Forbes  medal  and 
prize  in  Palaeontology  and  Natural  History,  and  the  Murch- 
ison  medal  in  Geology.     While  at  the  School  of  Mines  he  paid 
special  attention  to  the  study  of  geology  under  Ramsay,  Hux- 
ley, and  Etheridge,  but  also  devoted  much  time  to  chemistry 
and  metallurg\',  under  Frankland  and  Percy  respectively,  and 
to  mining,  under  Warrington  Smyth.     Even  in  his  holidays 
he  was  never  altogether  idle,  and  during  most  of  the  summer 
of  1871  he  was  attached  to  the  British  Geological  Survey,  and 
worked  with  the  late  J.  Clifton  Ward  in  the  Cumberland  Lake 
district.     While  in  England  he  made  many  warm  friends,  with 
some  of  whom  he  corresponded  regularly  for  years  afterwards. 
On  returning  to  Canada  in  1872  he  was  engaged  for  some 
months  examining  and  reporting  upon  mineral  properties  in 
Nova  Scotia,  and  subsequently  went  to  Quebec,  where  he  de- 
livered a  course  of  lectures  on  chemistry  at  Morrin  College, 
which   was  attended   by   a   larj^e  and   appreciative  class.     In 
1873  ^^  ^v^s  appointed  geologist  and  lK)tanist  to  Ilcr  Majesty's 
North  American  Boundary  Commission,  which  had  Ix^cn  con- 
stituted to  ^y.  the  boundary  line  between  P>ritish  North  Amer- 
ica and  the  United  States,  from  tlie  Lake  of  the  Wcxxls  to  the 
Rocky  mountains,  and  which  had  been  carrying  on  its  labours 
for  about  a  year.     From  early  boyhood  Dawson  had  been  keen- 
ly  interested  in  travel  and  exj)loration,  and  in  the  Canadian 
North  West  he  saw  a  region  ready  to  yield  up  a  rich  harvest  of 
discovery.     There  was  the  charm  of   novelty  afforded   by   a 
well-nigh  untrodden  field,  and  the  many  hardships  to  be  en- 
countered only  seemed  to  lend  attractions  to  the  exi)edition. 
In  those  days  no  Canadian  Pacific  trains  rolled  across  the  con- 
tinent.    Fort  Garry,  now  the  fast-growing  city  of  Winnipeg, 
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with  more  than  40,000  inhabitants,  was  then  practically  the  last 
outpost  of  civilization,  and  the  great  prairies  had  to  be  trav- 
ersed on  horseback  or  on  foot,  provisions  and  equipments  of 
every  kind  being  carried  in  Red  river  carts,  drawn  by  oxen 
'  or  ponies,  with  shaganappy  harness.  The  two  years  of  Daw- 
son's connection  with  the  Boundary  Commission  were  for  him 
years  of  incessant  activity,  but  the  results  of  his  work  were  of 
great  scientific  value.  They  were  embodied  in  a  report  ad- 
dressed to  the  head  of  the  commission,  major  (now  general) 
D.  R.  Cameron,  R.  A.,  and  published  in  Montreal  in  1875.* 
The  volume,  which  is  now  looked  upon,  as  **one  of  the  classics 
of  Canadian  geolog>',*'  is  a  mcKlel  of  what  such  reports  should 
be — scientific  facts  being  clearly  ^nd  succinctly  stated  and  the 
conclusions  logically  drawn.  The  main  geological  result  ar- 
rived at  was  the  examination  and  description  of  a  section  over 
800  miles  in  length  across  the  central  region  of  the  continent, 
which  had  1)een  previously  touched  upon  at  a  few  points  only, 
and  in  the  vicinity  of  which  a  space  of  over  300  miles  in  longi- 
tude had  remained  even  geographically  unknown.  The  report 
discussed  not  merely  the  physical  and  general  geology  of  the 
region,  and  the  more  detailed  characteristics  of  the  various 
geological  formations,  but  also  the  capabilities  of  the  country 
with  reference  to  settlement.  The  whole  edition  was  long  ago 
distributed,  and  the  volume  is  now  exceedingly  scarce  and  dif- 
ficult to  obtain.  While  attached  to  the  Boundary  Commission 
Dawson  made  large  collections  of  natural  history  specimens, 
which  were  forwarded  to  England  and  found  a  home  in  the 
British  Museum,  as  well  as  at  Kew  and  elsewhere.  The  Brit- 
ish Museum  obtained  no  less  than  seventeen  species  of  mam- 
mals not  previously  represented  in  its  collections. 

More  or  less  in  connection  with  the  above  work  were  pub- 
lished papers  on  the  "Lignite  Formations  of  the  West/'  the 
''Occurrence  of  Iu)raminifera,  Coccoliths,  &c.,  in  the  Cretaceous 
RfKks  of  Manitoba,"  on  "Some  Canadian  species  of  Spongil- 
Ire,"  on  the  "Superficial  Oeology  of  the  Central  Region  of  North 
America,"  on  the  "Locust  Invasion  of  1874  in  Manitoba  and 
the  Northwest  Territories,"  &c. 

When  the  work  of  the  lUnmdary  Commission  was  brought  to 
a  close,  Dawson  received  an  appointment  on  the  staff  of  the  Geo- 

•Rcport  on  the  Geology  and  Resources  of  the  Region  in  the  vicinity  of  the 
Forty-ninth  Parallel,  from  the  I.ake  of  the  Woods  to  the  Rock r  Monntaint, 
with  lists  of  Plants  and  Animals  collected  and  notes  on  the  Posslls. 
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logical  Survey  of  Canada  and  began  in  that  connection  the  long 
Beries  of  explorations  of  the  North  West  and  British  Colum- 
bian, "which  brought  such  great  credit  to  himself  and  his  country. 
In    1883  he  was  made  an  assistant  director  of  the  survey,  and 
later,  on  the  retirement  of  Dr.  Selwyn,  in  1895,  became  head  of 
the    department,  a  position  which  he  occupied  until  the  time 
of  his  death  on  the  2d  of  March  last.     Throughout  his  con- 
nection with  the  survey  his  reports  were  always  of  a  high  order, 
bearing    evidence    of    his    striking    powers    of    observation 
and  deduction.     Though  thoroughly  scientific  they  always  took 
account  of  the  practical  and  economic  side  of  geology,  and  ac- 
cordingly commanded  the  attention  and  confidence  of  mining 
capitalists,  mine  managers  and  others  interested  in  the  devel- 
opment of  the  mineral  resources  of  the  country.     When  in  the 
field,  geology  was,  of  course,  the  principal  object  of  his  in- 
vestigations, but  his  wide  knowledge  of  collateral  sciences  en- 
abled him  not  merely  to  collect  objects  of  natural  historv  in 
an  intelligent  and  discriminating  way,  and  to  discuss  the  flora 
and  faunas  of  different  districts,  but  also  to  make  important 
observations  on  the  habits  and  languages  of  Indian  tribes,  to 
keep  continuous  meteorological  records  and  to  determine  lat- 
itudes and  longitudes.     We  accordingly  find  that  his  reports 
generally  conclude  with  a  series  of  most  valuable  appendices, 
giving  special  information  which  could  not  well  be  included  in 
the  body  of  the  document. 

In  an  elaborate  notice  of  his  re|x>rt  on  the  Queen  Charlotte 
islands,    published    in    Petermann's    Mitthcilungen    ( \\ol.  27, 
1881),  the  writer  after  calling  attention  to  the  fact  that  the 
report  dealt  not  merely  with  the  geology  of  the  islands,  but 
also  with  their  topography,  natural  history,  climate  and  eth- 
nology,  says :  ''One  is  amazed  at  the  rich   results  which  he 
brought  back  in  all  these  branches,  especially  as  he  had  only 
one   assistant,    Mr.    Rankinc    Dawson,    and    remained    in    the 
islands  only  two  and  a  half  months,  from  the  12th  of  June  to 
the  end  of  August,  and  that  in  most  unfavourably  wet  weather." 
In  addition  to  his  field-books  proper  he  generally  kept  copi- 
ous journals  which  contain  nuich  interesting  information.     He 
had  a  habit,  too,  of  jotting  down  notes  and  sometimes  verses 
on  scraps  of  pajxT  or  on  the  backs  of  tclci^raph  forms.     In  the 
wilds  of  British  Columbia,  for  example,  he  writes : 
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•'Contf>rted  beds,  of  unknown 

My  weary  limbs  shall  bear. 
Perchance  a  neat  synclinal  fold 

At  night  shall  be  my  lair. 
Dips  I  *hall  take  on  unnamed  streams. 

Or.  where  the  rocks  strike,  follow- 
Along  the  crested  mountain  ridge. 

Or  anticlinal  hollow : 
Or  gently  with  the  hammer  stroke 

The  slumbering  petrifaction. 
That  for  a  hundred  million  years 

Has  been  debarred  from  action. 

We  can  fancy  him.  too.  sitting  by  his  lonely  camp  fire  on 
the  shores  of  the  Pacific  and  penning  the  following  lines : 

'*To  rest  on  fragrant  cedar  boughs 

Close  by  the  western  ocean's  rim. 
While  in  the  tops  of  giant  pines 

The  live-long  night  the  sea-winds  hymn. 
And  low  upon  the  fretted  shore 

The  waves  beat  out  the  evermore." 

Dr.  Dawson's  gological  work  was  carried  on  chiefly  in  the 
region  of  the  great  prairies  of  the  North  West  and  British  Co- 
luinbia,  but  he  was  thoroughly  informed  as  to  the  geolog}*  of 
all  parts  of  the  Dominion.  In  the  North  West  he  paid  particular 
attention  to  the  relations  of  the  Cretaceous  and  Laramie  for- 
mations ;  and  he  discovered  the  presence  in  the  Cretaceous  of 
southern  Alberta  of  an  important  series  of  rocks — ^the  Belly 
River  group — which,  he  says/*must  be  considered  on  the  whole 
as  a  fresh- water  formation.  The  Kootanie  group  was  also  recog- 
nized by  him  as  constituting  a  portion  of  the  early  CrPta- 
ceous  in  the  Rocky  Mountain  region.  His  study  of  a  large 
area  in  the  interior  plateau  region  of  British  Columbia  estab- 
lislicd  the  existence  there  of  a  great  series  of  mica-schists  and 
gneisses  sup])osed  to  be  of  Archaean  age  and  succeeded  by 
( "ainl)rian,  Ordovician,  Silurian  and  Carboniferous  strata: 
while  in  the  Cordilleran  region  of  the  same  province  he  de- 
scribed the  occurrence  of  great  deposits  of  contemporaneous 
volcanic  rocks,  in  various  stages  of  metamorphism.  While 
working  in  comiection  with  the  Boundary  Commission  also,  he 
studicrl  the  crystalline  rocks  in  the  Lake  of  the  W^oods  district, 
and  concluded  that  a  considerable  portion  of  the  Huronian 
formation  there  consists  of  metamorphosed  volcanic  rocks. 
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He  was  a  careful  student  of  glacial  phenomena  and  accord- 
ing to  Dr.  G.  J.  Hinde.*  was  the  first  to  describe  the  glacial 
origin  of  the  Missouri  Coteau,  and  in  the  interior  of  British 
Columbia  he  has  shown  that  at  one  period  of  the  Ice  age  there 
"was  a  confluent  ice-mass,  the  surface  of  which  stood  at  a  level 
of  7,000  feet  above  the  sea,  and  that  it  must  have  been  at  least 
from  2,000  to  3,000  feet  in  thickness.  He  has  further  estab- 
lished the  fact  that  the  movements  of  the  glacier  ice  in  this 
region  were  not  only  to  the.  south  and  south-east,  and  through 
the  transverse  valley  and  gaps  of  the  Coast  ranges  to  the  ocean, 
but  that  it  had  also  a  northerly  flow,  and  passed  down  the  val- 
leys of  the  Pelly  and  Lewes  branches  of  the  Yukon  river.  Dr. 
Dawson  also  maintained  that  the  northern  part  of  the  great 
plains  had  been  submerged,  and  that  their  glaciation  was  in 
the  main  due  to  floating  ice. 

With  regard  to  his  ethnological  work  we  cannot  do  better 
than  quote  from  Mr.  W.  J.  McGee's  recent  appreciative  no- 
tice in  the  American  Anthropologist,  Mr.  McGee  says: 
"While  several  of  Dr.  Dawson's  titles  and  the  prefatory  re- 
marks in  some  of  his  papers  imnly  that  his  ethnological  re- 
searches were  subsidiary  to  his  geologic  work,  and  while  his 
busy  life  never  aflPorded  opportunity  for  monographic  treat- 
ment of  Canada's  aborigines,  it  is  nevertheless  true  that  he 
made  original  observations  and  records  of  standard  value,  that 
much  of  his  work  is  still  unique,  and  that  his  contributions, 
both  personal  and  indirect,  materially  enlarged  knowledge  of 
our  native  tribes.  It  is  well  within  l)oun(ls  to  say,  that  in  ad- 
dition to  his  other  gifts  to  knowledge,  George  M.  Dawson  was 
one  of  Canada's  foremost  contributors  to  ethnolocrv,  and  one  . 
of  that  handful  of  original  observers  whose  work  affords 
the  foundation  for  scientific  knowledge  of  the  North  American 
natives.** 

Dawson's  most  notable  contribution  to  ethnology  was  un- 
doubtedly his  memoir  on  the  Haida  Indians  of  the  Queen  Char- 
lotte  islands,  but  he  also  published  "Xotes  on  the  Indian 
Tribes  of  the  Yukon  District  and  Adjacent  Xortliern  Portion 
of  British  Columbia,"  a  valuable  memoir  entitled  "Xotes  and 
Observations  of  the  K\vaki(K)l  ]\^ople  of  \'ancouver  Island," 
"Notes  on  the  Shuswap  IVo])le  of  British  Columbia,''  and 
other  papers. 

•Geological  Mafi^azinc,  May,  1S97, 
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When,  in  1884,  the  British  Association  appointed  acoramh- 
tee  to  study  the  physical  characters,  languages  and  social  con- 
<litions  of  the  northwestern  tribes  of  Canada,  Dr.  Dawson  was 
made  a  member,  and  it  devolved  upon  him  to  organize  and 
administer  the  work  of  the  committee.  The  work  was  car- 
ried on  for  years  with  much  success  and  small  money  expendi- 
ture, and  when,  in  1896,  an  Ethnological  Survey  of  Canada 
was  instituted,  Daw^son  was  chosen  as  the  head  of  the  sun*cv 
committee. 

Not  the  least  of  his  services  to  his  countrj'  were  those  in 
connection  with  the  Behring  sea  arbitration.  He  was  one  of 
the  commissioners  and  was  sent  by  the  British  government  to 
the  north  Pacific  ocean  to  inquire  into  the  conditions  of  seal 
life  there.  Subsequently,  his  evidence  and  forcible  arguments 
undoubtedly  secured  for  the  British  side  of  the  case  a  much 
more  favourable  finding  than  would  otherwise  have  been  ob- 
tained. Lord  Alverstone  (now  Lord  Qiief  Justice  of  Eng- 
land )  writing  of  him  in  this  connection,  says :  *'It  is  not  possi- 
ble to  overrate  the  services  which  Dr.  Dawson  rendered  us 
in  the  l)chring  sea  arbitration.  I  consulted  him  throughout 
on  many  questions  of  difficulty  and  never  found  his  judgement 
to  fail,  and  he  was  one  of  the  most  unselfish  and  charming  char- 
acters that  I  ever  met.  I  consider  it  a  great  pleasure  to  have 
known  him."  In  recognition  of  his  services  on  the  arbitra- 
tion. Dr.  Dawson  was  made  a  companion  of  the  Order  of  St. 
Michael  and  St.  George  (C.  M.  G.). 

He  received  the  degree  of  D.  Sc.  from  Princeton  in  1877, 
and  that  of  LL.D.  from  Queen's  University  in  i8i)0. 
from  McGill  University  in  1891,  and  from  Toronto 
University  some  years  later.  In  1 89 1  he  was  award- 
ed the  l^)igshy  gold  medal  by  the  Geological  Society  for 
his  services  in  the  cause  of  geology,  and  was  also  elected  a 
I'cllow  of  the  Royal  Society.  In  1893  ^^  was  elected  president 
of  the  Royal  Societ\  of  Canada,  and  in  1897  was  president  of 
the  gc'olof^ical  section  of  the  British  Association  for  the  Ad- 
vancement of  Science  at  the  Toronto  meeting.  In  1897  he 
was  awarded  the  i^old  medal  of  the  Royal  Geographical  Society. 
Last  year  lie  was  ])resi(lent  of  the  Geological  Society  of  Amer- 
ica, and  ^:\vc  his  relirinj^^  address  at  the  Albany  meeting  in  De- 
cember, ehoo^ini^^  as  his  subject  "The  Geological  Record  of  the 
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Rocky  Mountain  Region  in  Canada."  This  address  was  pub- 
lished as  a  bulletin  of  the  Geological  Society  of  America,  and 
will  be  prized  as  giving  a  summing  up  of  his  latest  views  on 
some  of  the  problems  connected  with  the  complex  geology  of 
the  west.  Many  other  distinctions,  which  cannot  be  enumer- 
ated here,  fell  to  his  lot,  and  he  had  won  for  himself  the  esteem 
and  confidence  of  his  fellow-countrymen  in  all  parts  of  the 
Dominion.  Nowhere  was  he  more  beloved  than  in  British 
Columbia — the  province  in  which  he  had  done  so  much  of  his 
best  work,  and  in  which,  he  sometimes  said  to  the  writer,  he 
would  Hke  to  spend  his  last  days. 

After  the  Toronto  meeting  of  the  British  Association  in 
1897,  he  accompanied  a  party  of  the  members  on  a  trip  across 
the  continent,  and  all  were  struck  with  the  warmth  of  the  wel- 
come everywhere  accorded  to  him,  ** Among  the  many  distin- 
guished visitors,'*  writes  the  Victoria  Colonist,  '*by  whose  pres- 
ence Victoria  has  been  honored  during  the  past  few  days,  none 
holds  a  higher  or  more  deserved  place  in  the  esteem  of  Can- 
adians than  Georgfe  M.  Dawson.  In  one  sense  he  is  the  dis- 
coverer of  Canada,  for  the  Geological  Survey,  of  which  he  has 
been  the  chief,  has  done  more  than  all  other  agencies  combined 
to  make  the  potentialities  of  the  Dominion  known  to  the  world. 
He  has  been  engaged  in  the  work  so  long  that  he  can  look  back 
over  it  with  the  profound  satisfaction  which  comes  from  the 
knowledge  that  his  judgment  on  points  of  extreme  interest 
and  value  has  been  justified  by  events.  The  development  of 
Kootenay,  the  hydraulic  mines  of  Cariboo,  and  the  gold  mines 
in  the  Yukon  are  all  foretold  in  the  interesting  pages  of  Dr. 
Dawson's  earlier  reports.  Therefore,  when  we  find  in  the 
voluminous  products  of  his  pen,  wherein  the  results  of  his  obser- 
vations are  recorded,  anticipations  of  great  mineral  develop- 
ment in  parts  of  the  province  that  are  as  yet  unexplored,  we 
feel  almost  as  if  such  development  were  guaranteed.  A  care- 
ful observer,  a  conservative  reasoner,  a  skilful  writer,  Canada 
possesses  in  Dr.  Dawson  a  public  servant  the  value  of  whose 
services  can  never  be  over-estimated.  His  name  carries  au- 
thority with  it  on  any  subject  on  which  he  speaks.  That  a  long 
•career  may  be  before  him  is  the  hope  of  all,  for  we  all  know 
iicw  much  that  means  to  the  Dominion." 

Dr.  Dawson  was  a  ready  and  prolific  writer  and  a  brilliant 


76  The  American  Geologist,  ^"^^^  ^^^ 

conversationalist.  His  quiet  humour  was  infectious,  and  any 
dinner  party  which  numbered  him  among  the  guests  was  sure 
to  be  a  merrv  one.  He  seemed  to  have  an  inexhaustible  fund 
of  information,  not  merely  about  his  own  si>ecial  lines  of  work, 
but  covering  the  widest  range  of  subjects.  The  marvel  was 
how  in  his  busy  life  he  had  acquired  so  much  and  such  varied 
knowledge.  For  one  of  apparently  delicate  constitution  his 
powers  of  enduring  prolonged  physical  exertion  were  as  re- 
markable as  his  capacity  for  continuous  mental  activity.  He 
was  at  work  at  his  office  until  two  davs  before  his  death,  the 
immediate  cause  of  which  was  capillary  bronchitis.  The  secret 
of  Dr.  Dawson's  widespread  popularity,  no  doubt,  lay  in  his 
downright  unselfishness  and  in  his  sunny  and  sympathetic 
ture.  B.  J.  H. 
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THE  PLEISTOCENE  PROBLEM  OF  THE  NORTH 

ATLANTIC  COSTAL  PLAIN/  \^ 

By   GcoBOB   BuRBAXK   Shattuck,   Baltimore,   Md. 

In  that  portion  of  the  Atlantic  Coastal  Plain  which  lies  be- 
tween the  Raritan  and  Potomac  rivers  there  is  a  mantle  of 
loam,  sand  and  gravel  covering  most  of  the  earlier  deposits  of 
the  lowland  and  lapping  well  uo  on  the  Piedmont  Plateau, 
'ihis  veneer  of  unconsolidated  deposits  has  long  attracted  the 
attention  of  explorers  and  various  opinions  regarding  its  rela- 
tions and  structure  have  been  entertained.  The  attention  of 
the  earlier  geologists  was  largely  taken  up  in  unravelling  the 
history  of  the  more  attractive  crystalline  and  fossil-bearing 
rocks,  and  in  problems  connected  most  intimately  with  glacia- 
tion,  and  it  was  not  until  Mr.  W.  J.  McGee,  formerly  of  the 
United  States  Geological  Survey,  undertook  the  study  of  these 
suoerficial  deposits  that  their  true  relations  began  to  appear. 
The  conclusions  on  this  subject  which  Mr.  McGee  has  pub- 
lished from  time  to  time  during  a  period  of  fourteen  years  may 
be  brieflv  summarized  as  follows : 

VIEWS  OF  MR.   W.  J.   M  GEE. 

The  Lafayette,  which  is  a  series  of  orange-colored  loams, 
sands  and  gravels,  extends  up,  according  to  Mr.  McGee,  from 
the  south  and  occupies  the  divides  and  higher  portions  of  the 
Coastal  Plain  of  Virginia  as  far  north  as  Fredericksburg.  Dis- 
tinct from  these  deposits  both  in  origin  and  age,  is  another 
series  of  loam^,  sands  and  gravels  designated  by  him  as  the 
Columbia  formation,  which  fill  the  valleys  of  the  present 
streams  and  mantle  the  divides  between  them.  This  formation 
is  divisible  into  two  phases,  fluvial  and  inter-fluvial.  The 
fluvial  phase  is  composed  of  deltas  which  were  deposited  under 
water,  by  those  streams  in  whose  valleys  they  now  lie,  when  the 
land  stood  lower  than  it  does  today.  The  inter-fluvial  phase  is 
found  on  the  divides  and  is  a  littoral  deposit  made  by  the 
waves  which  beat  against  the  coast  at  the  same  time  the  rivers 
were  building  their  deltas.  The  two  phases  are  therefore  con- 
temporaneous and  grade  over  into  one  anotlier.  The  fluvial 
phase  exhibits  a  distinct  bi-partitc  division.  The  upper  mem- 
ber consists  of  a  brick-clay  and  loam,  and  the  lower  member  is 
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comix)se(l  of  sand,  gravel  and  huge  boulders.  The  material  as 
a  whole,  is  coarser  near  the  mouths  of  the  gorges  where  the 
rivers  leave  the  Piedmont  Plateau  to  pass  into  the  Coastal  Plain 
than  it  is  in  the  more  remote  portions  of  the  delta.  The  inter- 
fluvial  phase  possesses  no  such  regularity  of  bedding,  but  b 
indiscriminately  composed  of  clay,  sand  and  gravel  largely  of 
local  origin.  These  delta  deposits  may  be  identified  in  all  the 
principle  rivers  of  the  Middle  Atlantic  slope  and  are  partioh 
larly  well  develooed  in  the  valleys  of  the  Potomac,  Susque- 
hanna and  Delaware.  Due  to  the  presence  of  these  huge  boul- 
ders, which  were  evidentlv  ice-bom  and  indicate  a  climate  much 
colder  than  exists  to<lay  in  the  same  region,  as  well  as  to  the 
fact  that  the  Columbia,  when  traced  northward,  is  fi^und  to 
pass  under  the  terminal  moraine,  it  was  concluded  that  it  was 
Quartcnar}'  in  age  and  belonged  to  the  earlier  glacial  ad\-ance. 
These  beds,  since  their  deposition,  have  been  raised  and  tilted 
so  that  they  now  lie  higher  in  the  regions  to  the  north  than  the}' 
do  further  south.  Their  present  elevation  was  found  to  be 
about  500  feet  on  the  upper  Susquehanna  and  245  feet  at  its 
mouth :  400  feet  on  the  upper  Delaware ;  145  feet  on  the  Poto- 
mac :  125  feet  on  the  Rappahannock ;  100  feet  on  the  James  and 
75  feet  on  the  Roanoke. 

Mr.  McClee  also  noted  certain  well-defined  terraces  which 
were  distributed  over  the  entire  region,  and  spoke  of  them  as 
follows  :* 

"There  is  a  practically  continuous  series  of  terraces  an<i 
beach  marks  along  the  fall  line  from  the  Roanoke  to  the  term- 
inal moraine — a  series  of  shore  lines  as  distinctive  and  unmis- 
takable as  those  circumscribing  the  valleys  of  the  extinct  lakes 
of  the  ( Ireat  Basin,  of  India,  of  northern  Arabia,  or  of  the  par- 
tially ice-lK)un(l  basins  of  ^Minnesota,  Michigan,  Ohio  and  Xe\i' 
"S'ork,  though  they  are  generally  more  profoundly  mcniified  by 
erosion,  and  are  frequently  concealed  by  forests.  These  shore 
lines  embody  an  easily  interpreted  record  of  geologic  vicissitude 
which  coincides  in  every  detail  with  that  of  the  Columbia  de- 
])osits.  Tlicv  arc  S(Mnctinies  carved  out  of  the  sub-terrane  but 
arc  ^^^ciicrally  built  of  the  loam,  sand  and  gravel  of  which  the 
C'olnnihia  formation  consists,  and  are  evidently  coeval  there- 
with.    \«)w  it  is  evident  that  these  terraces  are  water  fa>h- 
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ioned;  but  they  are  not  fluvial.  *  *  *  The  forces  con- 
cmned  in  the  formation  of  the  Middle  Atlantic  slope  terraces 
acted  horizontally  over  great  distances  and  with  uniform  en- 
ergy for  a  considerable  period,  filling  depressions,  softening 
<x>ntours,  and  obliterating  relief,  yet  so  gently  that  essential 
homogeneity  of  deposit  in  the  horizontal  direction  and  essen- 
tial uniformity  in  surface  prevails  for  miles.  Only  the  undu- 
latory  and  horizontally  acting  force  of  waves  appears  compe- 
tent to  produce  so  great  expanses  of  uniform  surface  and  con- 
stant structure  as  are  exhibited  in  this  region." 

A  summary  of  Mr.  McGee*s  views  regarding  the  various 
land  movements  as  expressed  by  the  present  state  of  the  La- 
fayette and  Columbia  deposits  is  as  follows : 

Post-Chesapeake, elevation  and  erosion. 

Lafayette  (Pliocene?), depression  and  deposition. 

Post- Lafayette, elevation  and  erosion  of  at  least  500 

feet ;  present  topography  defined. 

Early  Columbia  (Pleistocene), depression  of  about  200  feet  and  de- 
position. 

Post-Early  Columbia, elevation  and  erosion. 

Later  Columbia, depression  of  about  100  feet  and  de- 
position. 

Po^t-Later  Columbia, elevation  and  erosion. 

Present, .depression  and  deposition. 

At  the  New  York  meeting  of  the  American  Association  for 
the  Advancement  of  Science  during  the  summer  of  1900,  Mr. 
McGee  took  occasion  to  refer  to  certain  relations  of  the  gravels 
as  developed  in  the  vicinity  of  Washington.  After  reviewing 
briefly  the  various  deposits  which  occur  in  that  region,  he  is 
reported  by  Mr.  J.  A.  Holmes  as  making  the  following  state- 
ment.* 

**In  a  few  localities,  esix'cially  in  the  deep  cutting  in  the 
200-foot  terrace  at  the  end  of  Sixteenth  street,  deposits  have 
been  observed  which  fail  to  fit  into  this  series.  This  cutting 
reveals,  unconformably  iK'neath  the  Earlier  Co]unil)ia  and  im- 
confomiably  alx)ve  the  I'ritoniac,  a  heavy  deposit  oi  lr)ani  and 
gravel  of  a  structure,  composition,  texture  and  material  sim- 
ulating the  Earlier  Columbia  formation  in  ii^  norma]  a-])cct. 
save  that  the  materials  are  more  extensively  di^intc^^rait-d  and 
decomposed.  The  resemblance  of  the  dej>osit  to  the  Earlier 
Columbia  is  such  that   it  niij^dn  readily  bu  cla-^e<l   with  that 
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T>/rrr;ari'«r.  i:  i'MvA  i-^oUter! :  hut  in  rhe  5ixreent±:  •rr-rrr  "^^^ 
•ir-  rht-  ''A'*  'l^^p-'rii:-.  arr^  ;uxtap«"-5^"!  ar.«i  fer'amzr':  V  i  v-'.- 
'^Ir-r. r.r--''!  ;inr'','rforrr.i:} — •.  c.  the  strati srraphy  -how^  -.iia: '.>  :•.- 
fy>sir  in  ''i:.:r^ri'..n  i-  !ra:er:ally  .-ikier  than  rhe  Earlier  'l'\-rrr:x. 
On  -'orr-.parir.if  the  '-le^n'-'sit  with  the  Lafayette,  as  •!i=r-in;r:  z 
xhf.  nearc^it  r-xfj<'^si:res  of  that  f«'j!TnaLi«-.»n  •■>n  the  we>r.  n.;r.''  r:-: 
'•?i^^.  it  i^  iu\\nf\  to  tie  >o  rlifrerent  in  matenal?  an»i  ?tr!:cr:r:  i? 
Ut  ''IfTnan^I  ^'^■parati^in  on  litholTgic  groun^is :  m«>re:~^ver.  '?-.  '-t- 
j/*>it  i>  con  fin  fd  to  a  <!epre-^>ir>n.  or  amphithea:re.  '.sr':::::  li 
Tiof  '-xist  at  the  time  of  I^fayette  «lep«.'Siti'-'n.  but  ;v2--  '-- 
f\\\c(-f\  (\\n\r\^  the  fienVKl  of  rapid  ilejrradation  aco:'mp»ar'. ire*  ■': 
j^r<.t-[^tayf-Tte  uplift:  so  that  it  must  be  dif^riminato:  :'n 
the  I^faxette  <fn  the  l>a.sis  r»f  homr>g'eny  as  well  as  ^xi  :ha:  ■: 
lithol^^y.  The  interpretati'^jn  of  the  deposit  is  simple:  it  :<  ev- 
idently a  record  of  an  oscillation  during  the  post- Lafayette  an-! 
f/re-rohimbia  time,  which  was  not  of  such  amplitude  and  length 
as  to  inscrilx-  itself  deeply  in  the  local  scries  c»f  formation?  arc 
land" forms.  On  seekinj;^  to  correlate  the  deposit  with  other  c-c- 
nients  in  the  roastal-plain  series,  difficulty  is  encountered:  no 
rorresiKmrlinj^*  dejx^sits  are  known  either  southward  or  eastwan! 
in  \'irj^inia  and  Maryland ;  the  nearest  known  deposits  of  cor- 
re^Ix»ndin/4•  character  and  position  are  a  part  of  those  found  in 
southern  N\w  Jersey,  and  first  grouped  by  Salisbury  under 
the  designation  IVnsanken.  hut  afterward  divided." 

Pn-ssiire  of  other  duties  prevented  Mr.  McGee  from  Cf>n- 
tinning  the  investigations  which  he  had  so  happily  commencdl. 
and  Mr.  \.  11.  I)arton,  of  the  I'nited  States  Geological  Survey. 
t'H»k  and  carried  forward  the  work  where  Mr.  McGee  left  it. 

VIKWS  OK   MU.    X.    H.  DARTOX. 

According  to  Mr.  I  )art()n,  the  Lafayette  formation  does  n^t 
end  at  I'rederickshnrg,  hut  in  disconnected  areas,  crosses  Mary- 
latnl.  Delaware  and  Pennsylvania,  into  New  Jersey.  In  this 
cotMurtion  he  sai<l  :'■'  "The  northern  teniiination  of  the  deix:)>its 
wa^  snpposi-d  to  he  near  l^otomac  creek,  a  few  miles  north  of 
l'r(«K  rickshiirg :  hut  1  have  found  that  while  there  is  a  break  in 
lis  cnntinniiy  in  tlic  region  east  of  the  Potomac  river,  it  somi  be- 
gins again  and  tlience  continues  northward  probably  throiii::: 
Marvland.  and  in  attenuated  scattered  outcrops.  thn.:)Ugh  Dela- 
ware and  into  l*enn>ylvania  and  Xew  Jersey.  It  is  displayed 
in  ilie  hiL;h  terraces  ahiuit  Washington,  and  it  caps  nearly  all 
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the  higher  terrace  levels  of  the  "western  shore"  of  Maryland 
northward  to  the  latitude  of  Baltimore.  Still  farther  north- 
ward it  is  confined  to  outliers  on  the  divides  along  the  western 
margin  of  the  coastal-plain  region ;  but  at  the  head  of  Chesa- 
peake bay  it  extends  farther  eastward  and,  in  the  high  Elk. 
ridge,  caps  the  Cretaceous  and  Potomac  formations  over  a  con- 
siderable area." 

The  Lafayette  was  also  described  as  continuing  down  the 
peninsulas  of  the  Coastal  Plain.f  In  this  connection  he  said : 
**I  have  found  that  the  formation  extends  eastward  down  the 
coastal  plain  peninsulas  nearly  to  Chesapeake  bay.  These  pen- 
insulas consist  of  remnants  of  an  elevated  plain,  occupied  by  a 
sheet  of  Lafayette  formation,  and  originally  continuous  over 
the  entire  coastal  plain.  This  plain  is  inclined  gently  east- 
ward, its  altitude  decreasing  from  500  feet  in  the  Piedmont  re- 
gion, to  from  60  to  80  feet  in  the  vicinity  of  Chesapeake  bay, 
where  it  is  terminated  by  an  abrupt  descent  to  the  low  Pleisto- 
cene terrace  bordering  the  bay  to  a  width  of  several  miles." 

The  Columbia  of  Mr.  McGee  is  found  by  Mr.  Darton  to  be 
divisible  into  an  earlier  and  a  later  member,  which  are  devel- 
oped in  well-defined  terraces,  the  former  lying  normally  above 
the  latter.  The  land  surfaces  upon  which  the  Lafayette  and 
Columbia  terraces  were  deposited  has  been  raised  and  tilted  at 
various  times  in  such  a  manner  that  only  in  that  part  of  the 
Coastal  Plain  which  lies  near  the  Piedmont  was  the  normal 
sequence  present,  while  in  that  portion  bordering  on  Chesa- 
peake bay  the  normal  sequence  was  reversed.  This  state  of 
things  was  brought  about  in  the  following  way :  At  the  close  of 
the  Lafayette  deposition,  the  surface  on  which  that  formation 
rested  was  raised  and  tilted  so  as  to  slope  eastward  toward  the 
sea,  and-  after  suffering  considerable  erosion,  it  was  depressed 
in  such  a  manner  that  its  eastern  portion  was  submerged  while 
its  western  margin  bordering  the  Piedmont  Plateau  remained 
above  water.  In  the  estuaries  thus  fomied  and  along  the  coast, 
the  earlier  Columbia  formation  was  then  deposited.  This  for- 
mation, therefore,  built  up  a  terrace  below  that  of  the  Lafayette 
in  the  heads  of  the  estuaries  near  the  Piedmont,  but  covered 
up  the  Lafayette  surface  where  it  was  submerged  to  the  east. 
While  the  deposition  of  the  earlier  Columbia  was  still  in  prog- 
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ress,  the  Coastal  Plain  again  tilted  so  as  to  bring  that  porti'na 
of  it  lying  to  the  northeast  and  against  the  Piedmont  al>:yve 
water,  while  the  southeastern  portion  was  still  further  de- 
pressed. The  later  Columbia  was  in  its  turn  deposited  in  tht 
estuaries  beneath  the  earlier  Columbia  where  the  latter  had 
Ixren  elevated,  and  above  it  where  it  had  been  depressed.  Con- 
sequently the  three  formations  near  the  Piedmont  were  de- 
veloped in  separate  terraces  lying  one  above  the  other,  the  La-  . 
fayette  at  the  top,  with  the  earlier  Columbia  in  the  middle  and 
the  later  Columbia  at  the  bottom,  while  in  the  eastern  sub- 
merged portion  the  fonnations  were  not  develop>ed  in  terraces, 
but  in  a  continual  series,  with  an  erosix-e  break  between  the  La- 
fayette and  the  earlier  Columbia.  In  this  region  the  sequence 
ran,  beginning  at  the  top,  later  Columbia,  earlier  Columbia,  and 
La  fa  vet  te. 

Mr.  Darton  has  published  a  number  of  geologic  maps  from 
time  to  time  in  which  these  relations  are  depicted.  In  an  early 
map  of  the  Washington  region,  he  included  only  two  formations 
of  gravel,  the  Lafayette  and  Columbia,  but  in  a  later  and  re- 
vised edition,  which  is  now  in  the  press,  and  which  he  has  been 
kind  enough  to  show  me,  three  formations  of  gravel  are  por- 
trayed, the  earlier  and  later  Columbia  and  Lafayette,  develojx^d 
in  distinct  terraces,  lying  one  al)ove  the  other  as  described. 
The  Xomini  and  l^'redcricksburg  folios  of  the  Geologic  Atlas 
of  the  L'nited  States  convey  his  ideas  regarding  the  sequence 
of  gravel  in  portions  of  southern  Maryland  and  eastern  \'ir- 
ginia.  In  these  publications  he  distinguishes  two  gravels  ly- 
ing in  distant  terraces,  tlie  Lafayette  above,  covering  the  di- 
vides, and  the  Columbia  beneath,  occupying  tlie  valleys. 

\'IEWS  OF  PROFESSOR  R.  D.   SALISBURY. 

Professor  R.  D.  Salisbury  commenced  his  work  on  the  de- 
tailed survey  of  the  [Micstocene  dejwsits  of  the  Coastal  Plain  of 
New  Jersey  in  the  summer  of  1891.  In  his  first  reix)rt*  he 
mentions  a  luiinhcr  of  peculiar  deposits  bearing  glaciated  bould- 
ers which  he  states  wctc  somewhat  like  till  in  character.  The 
followinf^^  is  f|uotcd  from  the  Report  of  the  State  Geologist  of 
Acw  Jersey  for  1891,  ]>af:e  107: 

"Drift,  closely  resembling  till  and  containing  striated  rock 
material,  (xxnirs  on  the  west  side  of  the  Delaware,  near  Falls- 

*  Annual  Hejjort  of  the  State  Geologist  of  Sew  Jersey  for  1891. 
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ington,  three  or  four  miles  southwest  of  Trenton  *  *  * 
the  writer  found  similar  deposits  at  Bridgeport,  Pa.,  opposite 
Norristown,  still  further  south.  *  *  *  Glaciated  boulder- 
ets  were  here  taken  from  clay  of  such  character  that,  were  the 
locality  known  to  have  been  covered  by  ice,  its  reference  to  till 
would  be  fully  warranted.  Bridgeport  is  about  50  miles  south 
of  the  terminal  moraine. 

*•  It  is  not  intended  to  convey  the  impression  that  every  re- 
gion where  glaciated  stone  may  be  found  was  necessarily  once 
covered  by  glacier  ice.  The  possibility  of  transportation  of 
glaciated  material  beyond  the  edge  of  the  ice  by  water,  is  dis- 
tinctly recognized.  But  it  is  not  believed  that  water  alone,  or 
water-bearing  glacially-derived  bergs  could  produce  all  the 
results  which  are  here  recorded.  Neither  the  structure  of  the 
extra-morainic  drift,  nor  its  physical  make-up,  nor  its  geo- 
graphic or  topographic  distribution,  is  consistent  with  such  a 
hypothesis. 

"At  several  points  in  New  Jersey  south  of  all  the  localities 
thus  far  mentioned  within  the  state,  there  are  topographic  feat- 
ures which  are  easy  of  explanation  if  ice  once  extended  to  the 
region  where  they  occur,  but  which  seem  to  be  ver\'  difficult  of 
explanation  on  any  other  hypothesis.  The  features  here  re- 
ferred to  characterize  the  region  from  Washington,  Middlesex 
county,  southwest  to  Fresh  ponds  and  beyond,  and  also  the 
region  oast  of  Trenton,  from  White  Morse  to  Hamilton  square. 
The  topography  in  these  regions  is  very  much  like  that  of  a  sub- 
dued terminal  moraine." 

In  his  report  for  i8(;2,  professor  Salisbury  discusses  at 
some  length  the  character  and  origin  of  the  Trenton  gravel ;  he 
shows  very  plainly  that  it  was  a  valley  train  deposited  by  the 
Delaware  river  fn^m  materials  washed  from  the  glaciated  re- 
gions, and  states  that  it  was  dcjxisited  "during  that  stage  of 
glaciation  when  the  ice  i:(\<f:;c  stood  near  Belvidcre."  He  then 
discusses  the  ^'ellow  (Jravel  formation  of  j)rofessor  Cook  and 
shows  that  it  recorded  a  most  com])lcx  history.  His  con- 
clusions may  be  summarized  as  follows  : 

First.  "The  time  of  (lci)osition  of  the  original  yellow  grav- 
el." This  covers  the  ]>cri()d  wlioii  the  country  was  sufficiently 
low  to  allow  the  gravel  to  accumulate  on  hills  which  'arc  now 
nearly  400  feet  high,  at  least  south  of  Matawan.  Age  pre- 
Pleistocene. 
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Second.  **An  eiKxrh  of  elevation  and  extensive  erosion. 
This  covers  a  period  when  the  yellow  gfravel  was  raised  and  tht 
land  surface  greatly  eroded. 

Third.  **An  efKxrh  of  depression.''  This  embraces  a  period 
when  central  and  southern  Xew  Jersey  was  1 50  feet  lower  than 
now.  This  depression  is  correlated  with  the  first  glacial  epoch 
and  is  also  tentativelv  correlated  with  the  Columbia. 

iMjurth.  "An  ei>och  of  elevation  and  erosion."  During 
this  time  the  land  was  raised  to  a  greater  hight  than  before  and 
the  streams  cut  deeper  valleys  than  during  the  early  epoch  of 
elevation. 

Fifth.  "An  epoch  of  slight  depression.**  Correlated  tenta- 
tively with  the  last  glacial  epcxrh  and  also  was  the  perio<i  when 
communication  was  established  l)etween  Raritan  bay  and 
Trenton. 

Sixth.  ^'Subsequent  elevation.*'  An  elevation  of  40  to  60 
feet  followed  by  the  present  subsidence. 

Professor  Salisbury  in  his  reiK)rt  for  1893  divides  the  yel- 
low gravel  for  the  first  time  into  four  well-defined  peri<xls :  the 
first  and  the  oldest  he  calls  the  P>eacon  Hill :  the  second,  Pen- 
sauken :  the  third,  Jamesburg;  and  the  fourth  is  left  unnamed, 
but  later,  in  a  subsecjuent  publication,  is  called  Cape  May. 

The  licacon  Hill  formation  apjx^ars  to  be  Miocene,  and 
tlicrefore,  will  not  enter  further  into  our  discussion  of  the 
gravels. 

According  to  professor  Salisbury,  the  Pensauken  was  de- 
I>osite(l  ill  valleys  cut  out  during  the  post-Beacon  Hill  elevation. 
It  is  considered  to  ])e  an  acjueous  fonnation,  and  its  distribution 
indicates  that  the  land  was  submerged  200  feet  during  its  dejKH 
sit  ion.  (  )ne  of  the  chief  diagnostic  features  of  this  formation 
is  the  presence  of  decom|)osed  Ixudders  of  gneissic  and  granitic 
material  foiiiid  imbedded  in  its  mass.  The  fonnation  ranges 
in  elevation  from  200  feet  at  Perrineville  to  80-00  feet  south  of 
Palmyra.  The  elevation  is  also  regarded  as  l)eing  more  in  the 
r<'^-i«.n  nf  l;cae(»n  Hill  than  elsewhere.  At  South  Amboy  its 
presence  is  indieated  at  an  elevation  of  147  feet. 

Tile  name  of  the  formation  is  derived  from  Pensauken 
creek,  but  the  statement  is  ma<le  that  the  formation  is  most 
i-liaraeieri<tie  near  S<.nth  Am]H)y,  and  that  the  latter  Kxality 
\v  nld  have  bren  ch<»en  lo  ty])ifv  the  formation  w*ere  it  not  for 
its  assr^ciation  with  the  plastic  clavs. 
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this  tr-.^iiiir:  Trtrt  Str:».>Kr:f'i  'Jrrt  }^^^:*a:i-*:-tr-  jT'-  "LnF:s"n:r"£  :.r- 
niat:-:-r->  £r>i  ihre  Zvtrr.-r.  i:rLTt:'.  "i"ir>:«nf  t^icTiri  r:f  ::  -jrrc 
PeTkSankez  irt  ijs:  Tr»<r:"rj:iD*'i  n  ir.f  •^,».rr.      Trrt  t;».s:  n  Cfi 

H«>i2>e,  the  ri£>r  :-:  ibt  J  tr:*si.nr.*!r  if  l:  ht  L.r.: -iii :rt   .■:  "^:  -tt*:.- 

its  de;.»i:»5::i."<r..  Tht  axrt  .•"  i^k-  Z- frisLriV.t!:  :^  tsr^i'.K-:.  i.  the 
La  f  ay  en  e  iri  iht  f.»lj  *v-mr  'trrp.f  '  Thtrt  Cx:t  ti.  i.ncf  !»r  lti; 
doubt  thai  the  r  "tmsciiiiTtT.  :r  '.ut  f■J"'^'l,i'sm  .•:  tnt 
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maiion  of  the  s:»ir:h      T"!l:^  :Mri:-.:u>i.r  viif  -r-tra:':!'.-:   :-'n:a:!\t'.; 
more  than  a  ^ear  smrr  ' 

In  the  717* »r:  i.r  :S.»^  ir-  :Vr>  r  ?iL:;>:i:i-\   i».tn>  ,iir.  ::;2 
the  base  of  tm-  i  tmsain.trr    :'.»":^::a:i.n    .it:*-  -i.   tii*.   s  »;::!it'as: 
harmony  with  tht  l\l\  n-rrr.  l.ti:   iJ:>     :u.'::Tit>  'i.'v.a-     T*t;i. ix;:': 
river.     He  al^i  •   «»  i:"!:fv  rii:'     ;»:;■■:-::!       --^'-r   v.".    ":>:     7'  •■>«\ 
clays    !■•    :::v    '  vi:-::::i  :•:.      "'•:-     ':•*.-..::■.:'     '  >•"".:.:■  •* 
troiii:::!  ex:;;:". :"!;::  :- •"    !^. :."::;-    ■.:.     ■      :-    '•:■;;■•:;':    -  ■    - 
well  a>  tijv  }'''r.-i::ii:--    '    —:;./.    •-    -»■.':•  *  :.*      ..    "-.^    *        >  •. 
eastern  f»an"K    •:':::•   '"..:.\;.*'   i."-   :•.'■':  ";:::•:•-■.         ■•    ■     -     . 
lar^e  l»«.»dy  . 'f  i:^::'.  V    :  ■-•■     -   vrr         l  ";•■-  •■'•■    .     ^     ■  • 
adelphia  l-  •  .\*.:aii:.        :• 
stated  in  tVir  'v:-  '—. 
clear  lii^   0= 'Ti. •♦.'■;•:■   :.     -:     \ 
marked  dinVri'T.  •    ::    :   •    - 
lowest  [X'siii-T-  : -rLi'     '•    '• 
in  the  vicint-    ■--      ;... -^     ■• 
coimt  f(»r  thi>  t  •:    l'".:: 
are  su^t::este^:.ru.:    t.    :•    • 
bifold  divi.-^i-'n"''  :"::•  •  •  • 
savs  :  "I'r'jn    .-.  ;v  • 
sanken  n-'i^n:   i-    . 
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the  whole  as  Pensauken,  for  he  further  savs :  "Indeed,  on  anv 
interpretation,  the  original  continuity  of  the  Pensauken  across 
this  l>elt  seems  certain,  for  occasional  small  remnants  of  it  arc 
still  found." 

In  the  report  for  1896,  professor  Salisbury-  no  longer  re- 
gards the  Pensauken  as  being  equivalent  to  the  Lafayette,  but 
places  it  in  early  glacial  time.  On  the  Mt.  Pleasant  hills  he 
states  the  Pensauken  formation  probably  lies  as  high  as  178 
feet,  and  suggests  that  these  gravels  may  be  a  landward  depc»5it 
of  Pensauken  streams. 

lie  also  places  in  the  Beacon  Hill  formation  the  top<>graph- 
ically  higher  member  of  those  gravels  found  in  the  vicinity  of 
Glasslx>ro  which,  in  the  previous  year,  he  had  regarded  as  Pen- 
sauken. He  also  publishes  a  map  and  a  section  where  this 
change  in  classification  is  recorded.  The  southward  dip  of  the 
Pensauken  is  reaffirmed  and  the  statement  is  made  that  the  base 
of  the  Pensauken  formation  at  times  extends  down  below  tide. 

In  the  rei)ort  for  1897,  professor  Salisbury-  publishes  a  map 
in  which  he  again  changes  his  classification  in  southern  Xe\? 
Jersey,  llie  high  gravels  occurring  in  the  vicinity  of  Glassboro. 
which  he  had  first  mapped  in  1895  as  Pensauken,  and  later  in 
1896,  as  P»cacon  HilL  he  now  places  in  three  distinct  fonnations, 
namely:  Miocene,  Peacon  Hill,  and  Bridgeton :  the  Beacon  Hill 
being  younger  than  the  Miocene,  and  the  Bridgeton  younjjer 
than  the  P>eacon  Hill  but  older  than  the  Pensauken.  In  this 
connection  he  says:  "The  differentiation  of  the  Bridgeton  fnr- 
niation  has  been  long  in  mind,  though  data  for  its  sharp  de- 
finition have  been  wanting.  Even  now  they  cannot  be  said  to 
be  altogether  satisfactory.  In  some  places  the  formation  seenis 
nr)t  to  be  clearly  separable  from  the  Beacon  Hill  formation 
which  preceded,  while  in  others  it  is  not  eas»ly  distinguished 
from  the  Pensauken  which  follows.  In  other  places,  on  the 
otluT  lian<l,  it  is  distinctly  separable  from  the  Pensauken,  and  in 
still  others  from  the  P>cacon  Hill.  The  only  question,  there- 
fore, concerns  the  integrity  of  the  fomiation  as  a  whole,  and 
llu'  <lata  at  liaiKl  do  not  demonstrate  that  that  part  of  the  forma- 
tion which  seems  to  be  closely  allied  to  the  Beacon  Hill  forma- 
tion is  not  rerdly  a  j)art  of  that  formation,  and  that  that 
])art  wliieli  is  witli  difficulty  separated  from  the  Peii- 
>auken.     is     not     reallv     Pensauken.     On     the     other     hand. 
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these  two  parts,  the  one  of  which  seems  to  have  affinities  with 
the  Beacon  Hill  formation  and  the  other  with  the  Pensauken, 
seem  to  belong  together.     '♦'*** 

"In  general  it  (Bridgeton)  may  be  said  to  contain  any  sort 
of  material  which  the  Beacon  Hill  formation  contains,  and  some 
which  it  does  not.  It  is  therefore  most  clearly  separated  from 
the  next  older  formation  bv  its  constitution.  But  occasionally 
its  constitution  closely  approaches  that  of  the  Beacon  Hill  for- 
mation, and  where  its  topographic  relations  are  at  the  same 
time  indecisive,  its  differentiation  is  uncertain. 

"From  the  Pensauken,  on  the  other  hand,  it  is  most  clearly 
separated  on  topographic  grounds,  especially  in  the  western 
part  of  the  state.  Here  the  Bridgeton  beds  lie  at  a  level  dis- 
tinctly above  that  of  the  Pensauken  beds,  the  latter  being  re- 
stricted to  the  low  area  west  of  the  Miocene  escarpment.  The 
topographic  relation  of  the  formations  indicates  a  long  interval 
of  erosion  between  their  deposition.     *     *     *     * 

•  "Some  idea  of  the  former  extent  of  the  Bridgeton  beds  may 
be  gained  if  all  existing  remnants  of  it  be  conceived  to  be  ex- 
tended until  they  merge  into  one  another,  bridging  the  areas  in- 
tervening between  the  existing  remnants.  It  is  believed  that 
the  formation  extended  much  less  far  north  than  that  which 
preceded,  though  the  original  limits  are  probably  not  determin- 
able. 

"It  is  altogether  possible  that  some  of  the  areas  mapped  as 
Bridgeton,  west  of  the  New  Jersey  Southern  railway,  may 
prove  to  be  Beacon  Hill  instead,  and  that  some  of  the  areas  east 
of  that  line  may  prove  to  be  Pensauken.  The  distinction  in  the 
latter  area  is  based  almost  whollv  on  top>ogTaphic  grounds.'*  He 
again  mentions  a  tilting  of  the  Pensauken  formation  and  cor- 
relates the  Pensauken  with  Kansan  or  Albertan. 

A  Pleistocene  formation  much  discussed  by  professor  Salis- 
bury- in  New  Jersey  is  the  Jamesburg. 

His  conclusions  regarding  the  Jamesburg  formation  may  be 
briefly  stated  as  follows:  In  the  report  of  1893,  it  appears  that 
the  Jamesburg  was  deposited  on  the  eroded  surface  of  the  Pen- 
sauken. It  is  aquatic  in  origin,  and  the  subsidence  which  made 
possible  its  deposition  aniQunted  to  at  least  130  feet.  The  name 
is  derived  from  Jamesburg  Junction,  in  Middlesex  county.  A 
difficulty  is  encountered,  however,  in /the  absence  or  obscure- 
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ness  of  a  shore  line  for  the  Janiesburg  sea.  The  material  mak- 
ing up  the  Janiesburg  formation  is  ver>'  much  like  that  going 
to  make  up  the  Pensauken.  Professor  Salisbury-  states:  *'In 
some  places  the  weathering  of  the  latter  (Pensauken)  might 
have  given  rise  to  the  overlying  bed,  which  is  here  classed  as 
Jamesburg."  He  states  that  there  is  in  the  Jamesburg  an  ab- 
sence of  the  materials  which  in  the  Pensauken  are  decomposed, 
such  as  granites,  gneisses  and  schists,  as  well  as  the  Triassic 
shales  and  sandstones,  which  are  commonly  found  in  the  Pen- 
sauken.  The  age  of  the  Pensauken  is  made  equivalent  to  that 
of  the  Columbia  or  a  part  of  it,  for  he  said :  "The  Jamesbu^ 
is,  therefore,  but  a  local  name  for  the  Columbia  formation,  or 
for  a  part  of  it."  It  is  correlated  with  an  early  glacial  epoch, 
and  Trenton  and  Trenton  Junction  are  given  as  excellent  locali- 
ties for  the  Jamesburg. 

In  his  report  for  1894,  professor  Salisbury'  regards  the 
Jamesburg  as  a  mantle,  covering  the  country^  up  to  214  feet 
or  more.  He  considers  it  corresponding  in  a  general  way  to 
the  high-level  and  low-level  Columbia,  but  that  the  Columbia 
of  the  south  is  believed  to  include  more  than  the  Jamesburg  of 
Xew  Jersey.  The  Jamesburg  not  only  covers  the  bottom,  but 
is  found  lapping  up  on  the  sides  of  the  trough  between  Raritan 
bav  and  the  Delaware  river  with  a  distribution  as  wide  as  that 
of  the  Pensauken.  It  is  unconformable  on  the  latter  and  on 
older  formations.  Near  Cream  Ridge,  the  Janiesburg  is  stated 
as  occurring  at  214  feet  and  near  Marlton  180  feet. 

The  Jamesburg  is  now  divided  into  high-level  and  low-level 
Jamesburg.  The  relations  of  the  high-level  Jamesburg  are 
very  ol)scure,  the  low-level  Jamesburg  seems  somewhat  easier 
to  recognize.  In  regard  to  the  high-level  Jamesburg,  profes- 
sf>r  Salis])ury  says:  "The  high-level  Jamesburg  is  often  ven' 
thin.  Where  it  rests  on  the  Pensauken  it  frequently  has  the  ap- 
])carance  of  being  but  the  weathered  part  of  the  latter,  so  that 
it  is  often  very  difficult  to  di.stinguish  between  them  on  litho- 
Ingical  grounds.  So  true  is  this  that  study  had  been  long  in 
])rogress  before  the  existence  of  the  'high-level'  Jameshurjr 
over  the  liiglier  areas  of  tlie  I^ensauken  was  regarded  as  dcni- 
onslrated.  The  great  body  of  facts  now  in  px^ssession,  how- 
ever, has  ])ut  ilie  existence  of  this  phase  of  the  fomiation  k'- 
yond  (|nestion.     'Hiis  statement  is  made  with  full  recognition  of 
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the  fact  that  good  observers  might  see  scores  of  sections  of 
Jamesburg  and  Pensauken,  the  one  over  the  other,  without  sus- 
pecting a  subdivision  unless  attention  was  especially  directed  to 
the  matter.  Even  then  it  is  probable  that  nine  sections  out  of 
ten,  or  perhaps  forty-nine  out  of  fifty,  would  fail  to  be  con- 
vincing on  lithological  grbunds.  But  the  tenth  section  or  the 
fiftieth  is  conclusive,  and  carries  the  other  nine  or  forty-nine 
with  it." 

The  Jamesburg  is  poorly  stratified  and  often  contorted  as  if 
by  lateral  pressure.  The  limits  of  the  high-level  Jamesburg 
are  upwards  of  214  feet,  and  the  low-level  Jamesburg  are  45 
feet,  the  latter  being  deposited  in  rude  terraces.  The  surface 
of-  the  Jamesburg  is  pointed  out  as  being  frequently  marked 
with  low-ridges  and  saucer-like  depressions.  The  low-level 
Jamesburg  is  considered  in  part  at  least  younger  than  the  high- 
level  Jamesburg. 

In  the  report  for  1895  professor  Salisbury  states  that  the 
Jamesburg  formation  is  very  difficult  to  distinguish,  and  its 
existence  has  been  called  in  question  in  many  places.  In  this 
connection  he  says:  "It  should  perhaps  be  stated  that  the  ex- 
istence of  the  Jamesburg  has  been  called  into  question  at  many 
points.  Lithologically  it  so  closely  resembles  what  might  be 
produced  from  the  weathering  of  the  underlying  beds,  that  at 
many  points  and  over  considerable  areas,  its  existence  could 
not  be  affimied  on  the  basis  of  facts  there  represented.  But 
there  are  various  points,  on  the  other  hand,  and  these  widely 
distributed,  where  the  Jamesburg  formation  is  represented  bv 
a  thin  stratum,  which  could  not  by  any  possil)ility  have  been 
derived  from  the  underlying  formations,  and  the  certain  pres- 
ence of  the  Jamesburg  in  such  places  is  sufficient  to  carry  the 
doubtful  areas  so  situated  that  they  cannot  have  escaped  the 
influence  of  the  agencies  which  made  the  deposits  alxnit  the 
interpretations  of  which  there  is  no  doubt."  He  also  states 
that  the  low  areas  about  the  coast  are  probably  low-lcvcl  Jaiiies- 
bnrg.  and  are  equivalent  to  the  low-level  Cohmihia,  and  in  part 
contemporaneous  with  the  Trenton  gravel. 

In  the  report  for  i8(X>  under  the  head  of  lV)st- Pensauken 
submergence,  professor  Salisbury  mentions  the  40-foot  ter- 
races, and  also  terraces  as  high  as  200  feet  on  the  Mt.  Pleas- 
ant hills,  as  being  deposited  by  streams  which  emptied  into  the 
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^ea.  when  the  40-iV»^>t  terrace  was  beings  formefl.  and  :hrrt::r? 
the  up>- stream  \f»}TX\*>x\  oi  the  -irv-fixit  terrace- 
In  I  ^^7  the  *_*a|ie  May  f •  .rmatKm  is  defined  as  deveI>Tic'la 
terrace-  runninf^  from  30  to  50  feet  in  higrht.  It  is  rc:jart:-^:  as 
I#an  j^^Iacial  anri  {x:rhap>  in  p»art  yoiing"er.  It  is  narr.e-:  fr.ra 
<."ape  May  cr^unty.  New  Jersey,  where  it  is  typically  /ieve^w 
and  i<  regarded  a>  incliidinjj  much  of  the  low-Ieve!  Janx-sbiin:. 
arul  aNo  much  of  the  Trenton  g^vel. 

The  hij2rh-level  Jameshurj;:  (  Hijjh-Level  L^>am»  :?  ?*:!'  rcc- 
"irnizcrl,  but  the  >tatement  is  made  that  it  cann«:-t  f»c  rraMTioL 
lYofe'^>or  Sah-'bury  >ujrj?e>t>  that  the  hig^h-Ievel  Jamesbiir?  is 
a  i>art  of  the  (.'ajx!  May  fonr.ation.  and  repres»=-nt5  a  brie:  jiib- 
^•idcnce  of  the  0>astal  Plain  of  that  region,  ani-.-untinz  to  200 
feet  or  more,  at  the  close  of  the  last  glacial  periori.  He  also 
state^i  that  the  fonnation  is  very  hard  to  distingruish  an-I  ilitticult 
to  be  >ure  of. 

A  later  view  was  expresses!  by  professor  Salisf>ury  on  De- 
cember 2S.  u/X).  when  in  liie  course  of  official  correspijn'icnce 
with  the  Maryland  ( ieological  Survey,  he  said:  "V'Xi  will  inv 
tice  that  in  the  later  reports  I  have  not  used  the  word  James- 
burj^  4.'  *  *  J  p^j^^.  regard  it  as  a  phase  of  the  Cape  May 
fonnation." 

\1  i:\VS  OF  THE  WRITER. 

I'or  a  number  f.i  field  seasons,  the  author  of  this  paper  has 
]nru  rn^^^aged  in  the  investigation  of  the  surticial  iIeT««~»5its  'M 
Marvlaiid.  Keconiioissance  work  has  been  exten<le'I  -n-cr  thf 
entire  Coastal  Plain,  and  a  numlxT  of  counties  have  been  al- 
ready nia|>|M-d  in  detail.  In  pursuing  these  investigations,  he 
lias  made  free  u-e  of  the  methcxls  of  homf)geny,  and  the  c«-»rre- 
lati'Mi  of  ilu-  de|>o>ii>  thus  established  has  necessitated  not  only 
tlir  introducli<»n  of  some  changes  in  the  classification  an<l  imer- 
pntalioiis  a>  suggested  by  Mr.  Darton,  but  also  has  shown  that 
the  rla->ificalion  adopted  by  Prof.  Salisbury  for  the  Xew  Jer- 
sey ana  i^  in  no  measure  applicable  to  Maryland. 

Thr  key  i"  tlir  -olution  of  the  relations  existing  between  the 
-r.rtirial  rjcj).  ,-iis  cf  .Maryland  lies  alnn)st  excltisively.  acCi">rdiTiiJ 
t'»  tin-  author,  in  a  correct  correlation  of  the  various  terrace^  in 
uliirli  ilu\  are  deveh-ped  throughout  the  Coastal  Plain.  In 
Mai'.land,  Ww  ])riiici])al  terraces  are  distinguisheil.  lying  one 
ah"v    the   t'llier.    the    oldest   occupying   the   highest    and   the 
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youngest,  the  lowest  portions  of  the  region.  Beginning  with 
the  oldest  and  enumerating  them  in  succession,  we  have  what 
the  author  has  designated  as  the  Lafayette,  Sunderland,  Wi- 
comico, Talbot  and  Recent.  The  Recent  terrace  is  the  one 
which  the  present  sea  is  building. 

A  correct  understanding  of  the  physiographic  features  of 
the  terraces  may  be  obtained  by  studying  the  manner  in  which 
this  recent  terrace  is  forming.  At  the  present  time  the  waves 
of  the  Atlantic  ocean  and  Chesapeake  bay  are  engaged  in  tear- 
ing away  the  land  along  their  margins  and  in  depositing  it  on  a 
sub-aqueous  platfonn  or  terrace.  This  terrace  is  everywhere 
present  in  a  more  or  less  perfect  state  of  development,  and  may 
be  found  not  only  along  the  exposed  shore,  but  also  passing  up 
the  estuaries  to  their  heads.  The  materials  which  compose  it 
are  extremely  variable,  depending  not  only  on  the  detritus  di- 
rectly surrendered  to  the  sea  by  the  land,  but  also  on  the  cur- 
rents which  sweep  along  the  shore.  Along  an  unbroken  coast, 
then,  the  material  has  largely  a  local  character,  while  near  river 
mouths  the  terraces  are  composed  of  debris  contributed  from 
the  entire  river  basin.  Where  the  waves  are  weak,  partially 
decayed  material  is  torn  from  the  bank  and  re-deposited  prac- 
tically unharmed  on  the  surface  of  the  terrace,  and  continues, 
unchecked,  its  process  of  decay. 

In  addition  to  building  a  terrace,  the  waves  of  the  Atlantic 
and  Chesapeake  are  cutting  a  sea  cliff  along  their  coast  line,  the 
hight  of  this  cliff  depending  not  so  much  on  the  force  of  the 
breakers  as  on  the  relief  of  the  land  against  which  the  waves 
beat.  A  low  coast  line  yields  a  low  sea  cliff  and  a  high  coast 
line  the  reverse,  and  the  one  passes  into  the  other  as  Often  and 
as  suddenly  as  the  topography  changes,  so  that  as  one  sails 
along  the  shore  of  the  Chesapeake,  high  cliffs  and  low  depres- 
sions are  passed  in  succession.  The  wave-built  terrace  and  the 
w^ave-cut  cliff  then  are  constant  features  along  the  entire  ex- 
tent of  the  bay  shore,  and  should  be  sought  for  whenever  other 
terrace  surfaces  are  investigated. 

In  addition  to  these  features,  bars,  spits  and  other  forma- 
tions of  this  character  are  frequently  met  with.  Were  the  pres- 
ent coast  line  to  be  elevated,  the  sub-aqueous  platform  which 
is  now  building  would  appear  as  a  well-defined  terrace  of  vari- 
able width  with  a  surface  gently  sloping  toward  the  water.  This 
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surface  would  fringe  the  entire  Atlantic  and  hay  shore  as  wdl 
as  that  of  the  estuaries.  The  sea  cliff  would  at  first  W  sharp 
and  easily  distinguished,  but  as  ages  passed  the  less  a:>nspica- 
ous  portions  would  gradually  yield  to  the  leveling  influences 
of  erosion,  such  as  soil  creep,  plant  roots,  cultivation  etc.,  and 
might  finally  disappear  altogether.  Erosion  would  also  destrw- 
in  a  large  measure  the  continuity  of  the  formation,  but  as  long 
as  portions  of  it  remained  the  old  surface  could  be  reconstriKi- 
ed  and  the  history  of  its  origin  determined. 

It  was  with  these  features  well  in  mind  that  the  author 
undertook  the  investigation  of  the  surficial  deposits  in  Man- 
land,  and  it  was  found  that  they  supplied  the  necessar}-  clue  lo 
their  interpretation.  Without  entering  into  manv  detail?  it 
may  be  briefly  stated  that  the  oldest  terrace,  the  Lafayette,  is 
found  as  outliers  on  the  eastern  edge  of  the  Piedmont  plateau 
from  Washington  across  Maryland  and  Pennsylvania  to  Xew 
Jersey.  The  elevation  of  these  deposits  varies  from  about  500 
feet  behind  Washington,  as  determined  by  Afr.  Darton,  to  about 
300  or  400  feet  in  the  vicinity  of  Philadelphia,  where  it  has 
long  been  known  as  the  Bryn  Mawr  gravel.  Besides  these 
outliers  of  the  Lafayette  on  the  Pie<imont  plateau,  there  arc 
others  on  Elk  Neck  occupying  a  lower  elevation,  and  still  an- 
other and  more  extensive  area  on  the  Coastal  Plain  immedi- 
ately southeast  of  Washington.  This  area  has  already  l)een 
reported  by  Mr.  Darton,  but  it  has  been  found  after  careful  in- 
vestigation that  in  place  of  extending  down  the  peninsula  to 
the  Chesapeake  bay,  it  ends  in  an  abrupt  low  scarp  line,  which 
may  be  seen  in  the  vicinitv  of  Charlotte  Hall,  in  St.  Man's 
county,  and  at  numerous  other  localities.  No  Lafavette  is 
known  to  exist,  however,  on  the  peninsula  at  Calvert  county. 
The  elevation  of  the  Lafayette  at  this  scarp  in  southern  Man- 
land  is  about  270  feet. 

The  next  younger  formation,  the  Sunderland,  is  extensively 
ilcvclopcd  throughout  Prince  George's,  Charles,  St.  Mary's  and 
Calvert  counties,  and  numerous  outliers  exist  on  other  parts  of 
the  western  sliorc  from  Herring  Bay  to  Elkton.  but  the  con- 
tinuity of  tlic  formation  in  this  portion  of  the  state  has  been 
destroyed,  'i'his  formatic^i  is  developed  as  an  unmistakable 
terrace  l)utting  up  against  the  Piedmont  plateau  or  lappinc 
around  the  edges  of  the  Lafayette.  The  scarp  line  at  Charlotte 
Hall  is  [)art  of  the  ancient  sea-clifT  of  the  Sunderland  sea. 
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The  materials  composing  it  are  extremely  diverse,  and  em- 
brace ice-l^ome  boulders,  gravel,  sand  and  loam,  which  change 
their  mutual  distribution  both  vertically  and  horizontallv,  after 
the  manner  of  shore  deposits.  They  are  frequently  much  al- 
tered and  decayed,  and  have  been  derived  not  only  from  for- 
mations occurring  in  the  immediate  vicinity,  but  also  from  those 
found  far  west  in  the  mountains.     In  southern  Marvland  the 

m 

base  of  the  Sunderland  terrace  lies  at  about  90  feet,  but  rises 
gradually  toward  the  northwest,  until  at  Charlotte  Hall  the  sur- 
face of  the  bench  is  found  at  170  feet.  The  name  of  this  for- 
tnation  is  derived  from  the  hamlet  of  Sunderland,  situated  on 
the  divide,  in  Calvert  county. 

After  the  deposition  of  this  terrace,  the  country  was  raised 
and  the  Sunderland  fonnation  suffered  greatly  from  erosion, 
but  on  the  submergence  of  the  region,  the  rivers  which  had 
found  their  way  across  its  surface  were  transformed  into 
estuaries,  and  the  waves  of  the  Wicomico  sea  beat  on  the  ex- 
posed shores  of  the  Sunderland  terrace,  and  in  their  turn  cut 
cliffs  along  its  margin.  After  sufficient  time  had  elapsed  to 
build  up  a  wide  terrace,  the  country  was  again  elevated  and 
subjected  to  erosion. 

What  has  just  been  said  regarding  the  materials  which  enter 
into  the  Sunderland  formation  applies  equally  well  to  those 
conii)osing  the  Wicomico  terrace,  except  that  it  possesses  per- 
haps a  larger  proportion  of  sand  and  loam  derived  from  its  sub- 
terrane.  In  southern  Maryland  the  base  lies  at  about  40  or  50 
feet,  and  the  top,  where  it  borders  its  ancient  sea-cliff  at  about 
90  feet.  Wicomico  river  in  St.  Mary's  and  Charles  counties 
suggested  the  name  for  this  formation. 

The  Talbot  formation  is  developed  as  a  bench  of  variable 
widtli  around  the  edi^es  of  the  Wicomico  terrace,  and  frequent- 
ly sei)arated  frcm  it  in  many  places  by  a  low  scar])  line.  Oc- 
casionally this  scarp,  which  is  the  ancient  sea-cliff  of  the  Talbot 
sea,  attains  a  hight  of  30  to  40  feet,  notably  in  Kent  county,  but 
on  the  other  hand,  there  are  localities  where  the  scarp  seems  to 
be  entirely  lacking,  and  it  is  probable  that  in  these  places  it  has 
been  destroyed,  since  its  elevation  in  the  manner  described 
above.  The  Talbot  formation  was  built  up  during  a  slight  sub- 
sidence which  followed  the  elevation  and  erosion  of  the  Wi- 
comico terrace.     Large  areas  of  the  Wicomico  and  Talbot  for- 
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Illations  have  been  mapped  on  the  western  shore,  but  it  isonitc 
eastern  shore  of  Maryland  that  thev  attain  their  most  extensive 
development. 

Any  sort  of  detritus  which  enters  into  the  other  terraces 
may  be  fouiid  in  the  Talbot,  but  it  ix>ssesses  a  g^r^^^itcr  prttp-jr- 
tion  of  loam  and  a  smaller  proportion  of  decayed  material^  than 
is  found  in  the  other  members  of  the  series.  It  also  o»nt:iins 
numerous  lenses  of  greenish-blue  clay,  which  frequently  carry 
plant  remains  and  are  regarded  as  swamp  deposits,  formed  in 
the  mouths  of  |K)nded  streams,  and  buried  by  the  ailvandnf 
beach  of  the  Talbot  sea.  The  famous  Cornfield  HarK>r  clavii, 
carrying  remains  of  marine  and  brackish  water  animals,  as  well 
as  similar  deposits  five  miles  south  of  Cedar  Point,  in  the  <ame 
county,  are  also  referred  to  the  Talbot  formation.  The  base 
of  the  Talbot  terrace  is  irregular,  sometimes  lying  aliove  title 
and  sometimes  below,  but  the  top.  where  it  lx)rders  its  sea-cliD. 
is  usually  limited  by  the  45  or  50- foot  contour. 

A  large  number  of  terraces  are  cut  in  the  W'icomico-TallKrt 
surfaces  by  the  streams  along  whose  1x)rders  they  lie.  an«l  it 
was  not  until  after  many  profiles  from  various  and  distant  re- 
gions had  been  compared  that  the  45-foot  contour  was  deter- 
mined to  be  the  one  which  marked  the  shore  of  the  Talb)t  i-ea. 
The  name  of  this  formation  is  derived  from  Talbot  c::imt},nn 
tlie  eastern   shore  of   Maryland. 

After  the  deposition  of  the  Talbot  terrace,  the  Coastal  Plain 
was  elevated  somewhat  higher  than  it  is  today,  and  remained 
in  that  position  long  enough  to  ])ermit  the  rivers  which  tiowed 
across  it  to  cut  rather  deep  channels,  and  its  present  ix)siii'V. 
indicates  a  subsidence  sufficiently  great  to  drown  these  rivers 
and  many  of  their  predecessors  toward  their  seaward  ix>rtion5. 
The  Recent  terrace  is  today  building  along  the  shore.  an<! 
ciuiintr  its  sea-clitY  indiscriminatelv  in  the  Talbot.  Wicomico 
and   Sunderland  formations. 

IVoni  the  i)rcce(ling  discussion  it  will  be  seen  then  that  thv 
cla.Nsification  a(loi)tc(l  by  the  Maryland  (Geologic  Survcv  rcv- 
<>,-ni/r>  four  distinct  niai)able  terraces  in  Maryland,  in  j^Iace  •■r 
ilnir  a'^  i\]nxsrnU'(l  by  Mr.  Darton  in  the  region  of  Wasliini:- 
tou,  and  <lill\r>  from  liim  in  ascribing  the  foniiation  of  the  di- 
\i<lc.>  <>t"  tin*  pcninstilas  of  southern  Maryland  to  a  formation 
y«'Uiii^cr  than  that  ni  the  Lafayette.     Although  the  Wicomico 
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surface  rises  gradually  from  an  elevation  of  90  feet  in  southern 
Maryland  to  about,  140  feet  behind  Philadelphia,  yet  the  distri- 
bution of  the  terraces  does  not  seem  to  the  author  to  indicate 
the  complicated  tilting  described  by  Mr.  Dalton,  but  on  the 
contrary  points  to  the  following  course  of  events.  Miocene 
elevation  and  erosion ;  subsidence  and  the  deposition  of  the  La- 
fayette formation  ;  elevation  and  extensive  .erosion  ;  subsidence 
and  deposition  of  the  Sunderland  terrace  around  the  edges  of 
the  Lafayette ;  elevation  and  erosion  ;  subsidence  and  deposition 
of  the  Wicomico  terrace  about  the  margin  of  the  Sunderland : 
elevation  and  erosion :  depression  and  deposition  of  the  Talbot 
about  the  margin  of  the  Wicomico;  elevation  and  partial  ero- 
sion of  the  Talbot ;  subsidence  and  the  deposition  of  the  Recent 
terrace  about  the  edges  of  the  Talbot. 

It  is  interesting  in  looking  at  a  map  of  these  various  ter- 
races to  see  how  repeatedly  the  present  estuaries  have  been 
transformed  from  rivers  to  fiords  and  back  again  to  rivers,  for 
one  may  trace  the  Sunderland,  Wicomico  and  Talbot  terraces 
up  the  valleys  of  all  the  principal  streams  to  the  Piedmont 
plateau. 

The  unconformity  which  was  described  by  Mr.  McGee  in  the 
Sixteenth  street  cut,  to  which  reference  was  made  earlier,  is 
not  regarded  by  the  author  as  pointing  to  a  period  of  elevation 
and  a  subaerial  erosion,  but  simply  as  indicating  a  change  of 
current  or  possibly  freshet  conditions  and  therefore  in  no  way 
differing  front  the  unconformities  in  a  cross-b<*dded  deposit  ex- 
cept in  the  size  of  the  materials  moved.  Both  the  restricted 
area  in  which  this  unconfomiity  is  found,  as  well  as  its  position 
at  the  head  of  the  old  delta  near  the  mouth  of  the  Potomac 
gorge  where  the  current  must  have  been  constantly  changing, 
point  to  this  conclusion. 

•  A- comparison  of  the  section  proposed  by  the  author  with 
that  formerly  suggested  by  Mr.  Darton  is  as  follows: 

Darton.  Shattuck.  , 

T    ♦«-  r-^i v.;  Vrallx)!         formation.   \n  \       i- 

Later  Columbia /Wicomico  "  j^Colimibia 

Earlier    Columbia Sunderland       "  J    ^^'"""^'• 

Lafayette  formation Lafayette 

After  a  careful  study  of  the  surficial  deposits  in  Maryland 

an  attempt  was  made  to  correlate  them  with  the  formations  of 

New  Jersey,  belonging  to  the  same  period  of  deposition,  as 

mapped  and  described  by  professor  Salisbury. 
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An  extended  excursion  was  therefore  made  in  New  Terse: 
in  the  autumn  of  1900,  but  satisfacton-  correlations  were  iVund 
impossible.  The  difficulty  encountered  did  not  arise  fr-vr.  the 
lack  of  contemporaneous  deposits  but  from  the  fundamentaHy 
different  classification  adopted  by  the  Xew  Jersey  Survey. 
The  author  found  that  with  the  exception  of  the  Lafayette,  the 
terraces  were  all  present  and  as  strikingly  developed  in  New 
Jersey  as  in  Maryland,  and  that  they  were  distingiiishahle  not 
only  in  the  region  of  Bridgeton  but  across  the  entire  Coastal 
Plain  to  South  Ambov.  The  Maryland  classification  then,  if 
applied  to  Delaware  and  Xew  Jersey,  would  still  indicate  Tal- 
bot, AV'icomico  and  Sunderland,  each  developed  in  a  distinct 
terrace  and  bearing  the  same  mutual  relations  which  they  do 
further  south. 

The  author  was  unable  to  detect  anv  evidence  of  such  a  d^ 
formation  as  that  described  for  the  Pensauken,  but  on  the  con- 
trary the  levels  at  which  the  various  terraces  appear  were  found 
to  agree  very  closely  with  those  occurring  in  Mar>-land. 

It  was  further  observed  that  wide  areas  composed  of  re 
worked  marl,  falling  within  the  Wicomico  fonnation  and  build- 
ing»part  of  its  conspicuous  terrace,  were  left  unmapi)ed,  except 
where  they  develope<l  a  gravelly  phase,  when  this  material  was 
entered  as  Pensauken. 

Whenever  the  Janiesburg  formation  was  examined  it  was 
the  belief  of  the  author  that  the  phenomena  could  be  better  ex- 
plained by  hypcjthccating  changes  in  the  force  and  direction  of 
the  shore  currents  than  by  an  appeal  to  a  sudden  subsidence  of 
the  entire  region  of  more  than  200  feet  near  the  close  of  the 
Pleistocene,  and  as  sudden  an  elevation  afterward.  The 
author,  from  his  study  of  the  region  from  the  Potomac  to  the 
Karitan,  is  convinced  that  the  Jamesburg  materials  descrihed 
arc  j)rcsent  in  each  of  the  Pleistocene  fonnations  and  evidently 
represent  special  physical  conditions,  not  an  independent  for- 
mation. 

WitlK)ut  ^^oin.LT  into  more  details  it  is  evident  that  the  cor- 
rt'lation  vvliicli  tlie  aiitlior  lias  employed  in  Mar^dand  is  funda- 
mentally (lifTcrcnt  from  that  employed  by  professor  Salisbur}* 
in  \('\v  Jersey.  A  coni])arison  of  the  two  systems  of  classifica- 
tion Would  ^''ive  the  following  results: 
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COMPARATIVE  TABLE  OF   MARYLAND  AND   NEW  JERSEY  PLEISTO- 
CENE FORMATIONS. 

Maryland  Sections.  New  Jersey  Sections. 

Talbot   (lower  portions  of  Later        Parts  of  Cape  May  and  Pensau- 

Columbia).  ken. 

Wicomico     (higher    portions    of        Parts   of   Cape   May,    Pensauken 

Later  Columbia).  and  possibly  Bridgeton. 

Sunderland  (Earlier  Columbia).  Parts   of   Cape   May,    Pensauken 

and  Bridi^eton. 

It  is  believed  by  the  author  that  the  methods  of  classification 
employed  in  Manland  are  the  natural  ones,  and  that  they  will 
ultimately  be  found  applicable  to  the  determination  of  the  ma- 
rine Pleistocene  deposits  of  much  of  the  Atlantic  Coastal  Plain. 


EDITORIAL  COMMENT. 

THE  DEPARTMENT  OF  GEOLOGY  IN  THE 

NATIONAL  MUSEUM. 

Plates   X-XIV. 


It  is  proposed  to  give  here  a  brief  account  of  the  Depart- 
ment of  Geology  in  the  U.  S.  National  Museum,  as  condensed 
mainly  from  its  published  handbooks  and  ^annual  reports.  The 
purport  of  the  paper  is  to  show  to  what  extent  the  department, 
as  a  national  institution,  is  fulfilling  its  mission  in  caring  for 
and  rendering  available  to  students  the  materials  entrusted  to 
its  keeping,  and  further,  in  making  an  intelHgent  display  for 
the  benefit  of  the  public. 

The  history  of  the  U.  S.  National  Museum  may  be  said  to 
date  from  the  year  1846,  when  by  act  of  Congress  the  custody 
of  the  National  Cabinet  of  Curiosities,  at  that  time  deposited  in 
the  Patent  Oflfice  building,  was  transferred  to  the  Smithsonian 
Institution. 

This  act  provided  that  *'A11  objects  of  natural  history, 
plants  and  geological  and  mineralogical  specimens  belonging 
or  hereafter  to  belong  to  the  United  States,  and  which  were 
then  in  the  city  of  Washington,  should  be  delivered  to  the  Re- 
gents of  the  Smithsonian  Institution,  and  together  with  new 
specimens  obtained  by  exchange,  donation,  or  otherwise,  should 
be  so  arranged  and  classified  as  best  to  facilitate  their  examina- 
tion and  study.'*     By  a  subsequent  act  it  is  decreed  that  **all 
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collections  of  rrnrks,  minerals,  soils,  fossils  and  objects  of  r^t- 
iiral  history,  archaeology  and  ethnology,  made  by  the  Qiastarii 
Interior  Survey,  the  (leological  Survey,  or  other  parties  of  the 
(iovcrnment  of  the  United  States,  when  no  longer  n;  '  '  - 
investigations  in  progress,  shall  be  deposited  in  the  Xationil 
Museum." 

The  amoimt  of  ger)Iogical  material  broug^ht  together  un«ier 
these  acts  prior  to  1876  was,  though  valuable,  comparativclv 
small  and  extreme! v  varied.  It  consisted  mainlv  of  the  collcc- 
tion  made  by  Prof.  J.  D.  Dana  and  his  associates  durin*,^  the 
Wilkes  exploring  expedition ;  by  the  various  gef.)logists  acoifli- 
panying  the  surveys  for  the  Pacific  railroads  in  1854-5:  the 
surveys  west  of  the  looth  meridian  under  the  direction  of  the 
engineer  corps  of  the  anny,  and  the  U.  S.  Geological  Suncys 
under  direction  of  Dr.  I'.  \\  Havden.  There  were  also  various 
miscelIanc*ous  collections  made  bv  survcvs  under  the  direcii''»n 
of  the  general  land  office. 

Prior  to  1873  there  were  no  paid  assistants  whose  dutv  it 
was  to  lcM)k  after  the  collections.  Indeed,  Prof.  Henry's  prU- 
icy  at  that  time  was  directly  against  the  utilization  of  Smith- 
sonian funds  for  museum  purposes.  Thus,  in  one  of  his  re- 
ports; he  writes  tliat  scientific  service  "can  be  obtained  without 
cliarge"  or  paid  "in  j>roportion  to  the  time  of  engagement." 

'riie  natural  history  collections,  including  the  fossils,  were, 
therefore,  worked  up  by  so-called  collaborators,  several  *>i 
wliom  liad  offices,  and  some  of  them  sleeping  apartments  in  the 
Smithsonian  building.  Amongst  the  numerous  collabt")rator> 
mentioned  are  found  such  names  as  those  of  Conrad,  Cope. 
(ial)1).  Lcidv,  Les(|uereux,  Meek  and  Xewberrv. 

Tile  completion  in  1880  of  the  present  miiseuni  buildinj:: 
atTordcd  an  op|)ortimity  for  expansion  and  incidental  reorgati- 
ization  on  a  more  practical  basis.  This  foimd  expression  in 
the  creation  of  numerous  departments  and  the  apix)intment  of 
salaried  oHicials  to  take  cliarge  of  the  various  collections. 

With  the  appointment  of  Dr.  Geo.  W.  Hawes  to  the  p(v^i- 
tion  i^i  curat(»r  of  ideology  and  mineralogy,  and  Dr.  C  A. 
\\  hiie  totiiatof  em'ator  of  invertebrate  fossils,  began  the  hist-^ry 
of  tile  .L;eol(.oi^-;i]  de])artnu'nt  of  tlie  museimi  as  an  independent 
depariineiu.  Dr.  I  (awes'  comiection  with  the  nuiseimi  \va>, 
li«»\\e\er,  too  .short  for  his  division  to  become  fidlv  organized. 
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and  at  the  time  of  his  cjeath,  which  took  place  at  Manirou,  Col- 
orado, in  1883,  matters  were  in  a  state  of  great  confusion,  ow- 
ing to  the  large  amount  of  material  that  had  accumulated  and 
the  extensive  census  work  undertaken  but  necessarily  uncom-* 
pleted. 

The  rapid  increase  of  the  paleontological  collections  and  the 
g-rowing  demand  of  the  geological  survey  for  space  for  storage 
and  work-rooms,  resulted  in  early  additions  to  the  honorary 
force,  Mr.  C.  D.  Walcott  l)cing  appointed  honorary  assistant 
curator  in  charge  of  the  paleozoic  fossils  in  1882,  and  Mr.  L.  F. 
Ward,  honorary  curator  of  fossil  plants  in  1883.  In  this  same 
year  Mr.  L.  W.  Clark  was  appointed  honorary  curator  of  min- 
eralogy. 

In  1894  a  partial  reorganization  of  the  division  took  place, 
resulting  in  placing  the  entire  paleontological  collections  under 
the  direction  of  Mr.  Walcott,  with  Mr.  Charles  Schuchert  as 
assistant  curator;  Prof.  O.  C.  Marsh  of  Yale  College  having 
nominal  charge  of  the  fossil  vertebrates. 

From  the  time  of  the  death  of  Dr.  Hawes  until  1897  the 
mineralogical  and  geological  divisions,  as  a  whole,  remained 
without  an  official  head,  the  assistants,  Messrs.  F.  P.  Dewcv,* 
W.  S.  Yates  and  G.  P.  Merrill,  retaining  charge  of  their  vari- 
ous divisions  and  reporting  directly  to  the  assistant  secretary. 

At  this  date  a  complete  reorganization  took  effect  which  is 
still  in  force  and  is  apparently  working  very  satisfactorily.  The 
entire  department,  including  mineralogy  as  well  as  paleontol- 
ogy, is  placed  in  charge  of  a  head  curator.  In  creating  the 
various  divisions  and  sections,  regard  has  been  had  mainly  to 
convenience  in  administration  and  arrangement  of  material 
most  readily  accessible  for  study  and  reference.  The  aim  has 
been  to  give  each  officer  control  of  sucli  collections  as  he  may 
be  most  interested  in  and  not  to  hamper  him  with  the  care  of  a 
great  amount  of  other  matter.  The  general  scope  of  the  de- 
partment  in  tabular  form  is  given  below : 

Department  of  Geology  : 

George  P.  Merrill,  Head  Curator. 

(a)     Division  of  Physical  and  Chemical  Geology,  (Systematic  and 

Applied)  : 

George  P.  Merrill,  Curator. 

W.  H.  Newhall,  Aid. 

*Mr.  Dewey  resigned  in  1889. 


no  The  American  Geologist,  Angast,  r*i 

(b)  Division  of  Mineralogy: 

F.  W.  Clarke,  Honorary  Curator. 
Wirt  Tassin,  Assistant  Curator. 

Dr.  L.  T.  Chamberlain,  Honorary  Custodian  of  Gems  and 
Precious  Stones. 

(c)  Division  of  Stratigraphic  Paleontology: 

Charles  D.   Walcolt,  Honorary  Curator. 
Charles  Schuchert,  Assistant  Curator, 
(i)     Section  of  Vertebrate  Fossils: 
F.  A.  Lucas,  Acting  Curator. 

(2)  Section  of  Invertebrate  Fossils: 

Paleozoic :  Chas.  Schuchert,  Custodian ;  Geo.  H.  Girv, 

Custodian  of  Carboniferous  Collections. 
Mcsozoic:  T.  W.  Stanton,  Custodian. 
Cenozoic:  W.  H.  Dall,  Associate  Cura^tor. 
Chas  A.  White,  Honorary  Associate  in  Paleontolog>*. 

(3)  Section  of  Paleo-botany : 

A.  C.  Peale,  Aid  in  Charge  of  Collections. 

Lester  F.  Ward,  Associate  Curator. 

F.  H.  Knowlton,  Custodian  of  Mesozoic  Plants. 

David  White,  Custodian  of  Paleozoic  Plants. 
Considered  in  the  order  above  given,  the  following"  descrip- 
tive matter,  compiled  from  the  handbooks  and  annual  reports 
of  the  various  curators  and  assistant  curators,  will  be  found  of 
interest. 

Division  of  Physical  and  Chemical  Geology,  Systematic  and 
Applied.  In  this  division  consideration  is  given  to  the  bring- 
ing together,  and  so  far  as  is  practicable,  preparing  an  exhibi- 
tion of  materials  hearing  upon  the  history  of  the  earth  in  its 
cosmical  aspect  and  illustrative  of  its  coinposition  and  struc- 
ture. Lack  of  space  has  prevented  the  carrying  out  of  an  ideal 
exliihition  scries,  and  from  year  to  year  it  has  become  nec- 
essary to  withdraw  some  of  the  smaller  and  less  striking  ex- 
hi])its  and  install  in  their  places  materials  of  more  general  in- 
terest. It  is  not  to  he  understood,  however,  that  the  exhibits 
that  are  withdrawn  are  rejected.  They  are  simply  placed  in 
storage,  where  they  may  he  available  for  reference,  or  for  ex- 
hil)iti(»n  when  sj)ace  shall  he  ])r()vided. 

'rile  more  important  ex]iii)its  found  here  and  which  are  of  a 
nature,  citlicr  on  account  of  their  size  or  rarity,  as  to  seldom 
find  tlicir  way  into  tlic  smaller  museums,  are  a  cluster  of  ba- 
saltic columns  in  the  ])osition  in  which  they  wer^  formed  (see 
])1.  xi\)  ;  a  larj^-e  series  of  specimens  illustrating  f  i)  limestone 
caverns  and  associated  ])henomena   (see  pi.  xi)  ;   (2)   glaciers 
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and  glaciation;  (3)  volcanoes  and  volcanic  activity;  (4)  con- 
cretionary structures  in  crystalline  and  fragmental  rocks  (see 
pi.  XII ),  and  (5)  faults,  folds  and  other  phenomena  produced 
by  purely  dynamic  agencies.  In  addition  to  these  there  is  a 
systematic  series  of  rocks  and  fossils  from  the  various  geolog- 
ical  horizons  of  America. 

Some  of  the  more  striking  of  the  exhibits  in  this  division 
are  shown  in  the  accompanying  illustrations.  The  collections 
in  this  section  now  occupy  a  floor  space  of  but  50  by  90  feet. 

At  the  time  Dr.  Hawes  entered  upon  his  duties  as  curator, 
he  also  assumed  charge  of  that  branch  of  the  tenth  census  re- 
lating to  the  quarry  industry  of  the  United  States.  To  this 
work  he  gave  almost  his  entire  attention,  and  although  his  la- 
bors were  unfortunately  cut  short  when  little  more  than  a  be- 
ginning had  been  made,  yet  the  carr>ing  out  of  the  work  as 
planned  resulted  in  the  accumulation  of  several  thousand  sam- 
ples of  building  and  ornamental  stones,  and  the  large  mass  of 
information  relating  thereto  which  appeared  in  volume  X  of 
the  reports  of  the  tenth  census.  Out  of  the  materials  thus  col- 
lected upwards  of  3,000  specimens  were  dressed  in  the  form  of 
four  inch  cubes  for  exhibition  purposes.  These  have  been  de- 
scribed by  the  present  head  (then  assistant)  curator  in  a  hand- 
book of  some  370  pages,  published  in  connection  with  the  an- 
nual report  for  1886.  Another  important  collection  is  a  series 
of  metallic  ores  and  non-metallic  minerals  arranged  on  a  geo- 
graphic basis,  i.  e.,  by  states,  and  a  large  series  of  economic 
materials  arranged  on  one  of  the  recently  completed  galleries 
in  the  southwest  court,  a  section  of  which  is  shown  in  plate  i. 
This  last  collection  alone  comprises  upwards  of  4,000  speci- 
mens, the  non-metallic  portion  of  which  has  been  described  in 
the  report  of  the  National  Museum  for  1899,  just  issued. 

Space  has  also  been  devoted  to  collections  illustrating  the 
methods  of  treatment  of  ores,  and  reference  should  be  made  to 
an  important  series  illustrating  the  extraction  of  gold,  silver, 
lead,  copper,  zinc,  iron  and  the  manufacture  of  steel.  This 
series,  together  with  a  descriptive  catalogue  of  the  systematic 
collections  in  economic  geology,  was  described  in  lUiIIetin  Xo. 
42  of  the  National  Museum,  published  in  1891.  These  series 
are  very  complete  and  illustrate  all  stages  of  the  process  from 
the  crude  ores -to  the  finished  product,  with  also  the  fuel,  fluxes 
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and  various  by-products.  They  are  accompanied  by  engrav- 
ings ( plates  from  published  handbooks )  showing  mines,  mills 
and  furnaces  from  which  the  various  samples  were  taken. 
Lach  collection  begins  with  a  series  of  the  ore-bearing  miner- 
als. This  is  followed  bv  a  series  of  the  ores  in  which  the  ore 
mineral  is  evident  to  the  eye,  and  this,  in  turn,  by  selected  sam- 
ples of  the  ores  as  mined,  and  in  which,  as  is  often  the  case, 
the  ore-bearing  mineral  is  wholly  inconspicuous. 

The  economic  collection  is  somewhat  exceptional  on  account 
of  the  prominence  given  to  what  are  classed  as  the  non-metallic 
minerals  (i.  e.,  minerals  not  used  as  ores  of  metals).  There 
are  thus  exhibited,  grouped  by  usage  and  kinds,  very  complete 
series  of  natural  pigments,  abrasives,  salts  used  in  fertilizer 
and  chemical  manufacture,  sulphur  and  sulphur  ores,  clays, 
limes  and  cements,  diatomaceous  earth  and  tripoli.  asbesti>s. 
l>oth  crude  and  manufactured,  mica,  fluxes  used  in  metallur- 
gical operations,  coals  and  other  hydro-carbon  compounds,  etc. 
Some  prominence  is  given  to  the  rarer  earths  and  minerals 
which  are  now  coming  into  more  general  use,  as  monazite, 
cerite,  zircon,  spodumene  and  other  lithia  minerals,  celestite, 
uranium  comixnmds  etc.  These  collections  are  descrilKd  in 
detail  in  the  handbook  above  mentioned,  from  which  j)late  i  of 
this  article  is  taken.  A  feature  which  has  thus  far  I>een  largely 
overl(K)ke(l  in  collections  of  this  nature,  is  a  consideration  of 
water  as  a  mineral  and  its  exhibit  among  other  economic  min- 
eral products.  ( )ne  case  is  given  up  to  a  display  of  this  na- 
ture, selected  to  show  kinds  and  geographic  distribution  in  the 
I'nited  States. 

Another  collection  which  will  bear  special  reference  is  that 
of  crude  j)etroleuni.  This  comprises  upwards  of  300  samples, 
some  of  whicli  are  of  liistorical  interest,  as  a  sample,  in  the 
original  j)ackage.  <^f  the  "medicinal  oil"  from  Little  Rennox 
creek,  Kentucky,  ])ut  uj)  in  1856.  The  collection  is  arrangeil 
to  show  I  I  )  variations  in  specific  gravity  and  (2)  color,  (3) 
Lreoloori^^^^l  h.orizon^.  and  (4)  geographical  distribution.  A 
Miiall  >(.rie<  of  (h<tillation  products  is  also  shown,  though  here. 
a>  in  oilier  instances,  ilie  strictly  technological  side  is  from  ne- 
ce--ity.  lari^ely  oniitied.  'I'his  collection  is  accompanied  hv 
nia|.»s  >h'>\\in,L;  thc^  known  disiribntion  of  petroleum  and  bitii- 
!n:noii<  |.ro(h:cts  through. nu  the  world,  and  a  small  collection 
f»f  oil  -ands  an*!  l)itiniien-l)earing  rocks. 
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These  economic  collections  are  the  most  systematic  of  their 
«ind  in  the  country,  and  in  many  respects  the  most  complete 
sind  systematic  of  any  public  museum  in  the  world. 

By  law,  as  noted  above,  the  museum  is  the  repository  of  all 
mineralogical  and  geological  material  collected  by  the  various 
departments  of  the  government,  when  the  various  investiga- 
tions for  which  they  were  made  are  completed.  This  results 
in  bringing  together  a  vast  amount  of  material,  worthy  of  pres- 
ervation, in  fact,  of  the  very  greatest  scientific  value  for  refer- 
ence and  study  purposes,  but  quite  unsuited  for  exhibition. 
Materials  of  this  nature  are  classified  bv  kinds  or  bv  areas,  ac- 
cording  to  the  conditions  under  which  they  have  been  studied, 
and  put  away  in  drawers  in  storage  cases,  where  they  may  be 
available  whenever  desired.  Among  the  more  important  col- 
lections, which  may  be  mentioned  here,  are  those  made  by  the 
early  Ilayden  and  Wheeler  surveys ;  the  tenth  census  iron  ore 
series  described  by  Pumpelly :  the  collections  of  the  40th  par- 
allel survey,  including  the  lithological  series  described  by  Zir- 
kcl ;  the  Washoe  collections  representing  the  work  done  by  G. 
F.  Becker  and  colleagues  in  the  Washoe  district  and  Comstock 
lode,  Nevada,  the  results  of  which  were  published  in  Mono- 
graph 3  of  the  U.  S.  Cieological  Survey :  the  rocks  of  the  P-u- 
reka  district,  as  described  by  Hague  and  Iddings,  in  mono- 
graph 20,  U.  S.  (icological  Survey:  the  Pacific  coast  quick- 
silver collections,  comprising  several  hundred  specimens  as 
described  l)y  it.  V.  l>ecker  and  colleagues  in  monograph  13  of 
the  U.  S.  (Geological  Survey;  the  Leadville  collection,  compris- 
ing nearly  four  hundred  erui)tive.  sedimentary  and  metamor- 
phic  rocks  and  ores  collected  and  studied  by  Messrs.  S.  V.  Km- 
mons  and  Whitman  Cross,  and  described  in  monograph  12  of 
the  V.  S.  (leological  Survey.  It  also  includes  type  series  of  the 
rocks  described  by  the  survey  j)etrograplKTs — as  those  of  the 
Silver  Cliff  and  Ten  Mile  districts,  Colorado — and  representa- 
tive series  of  rocks  of  the  various  ])ul)lished  (juadrangles. 

The  mineral  collection  is  evidently  very  systematic  and  c(^n- 
tains  much  material  worthy  of  si)ecial  mention.  Among  the 
more  noteworthy  specimens  is  a  fine  large  octahedron  of  g(Md 
and  a  cluster  of  crystallized  gold  showing  nearlv  20  more  or 
less  perfect  octahedra.  The  collection  aNo  contains  tyj)e  s|)eci- 
mens  of  warrenite,  hanksite,  spangolite,  lawsonile,  zunyite.  and 
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Riiitcrniancitt ;  also  the  complete  series  of  uranium  mmcnii 
iise<l  in  invest igations  Ny  Hillebraiid  which  led  to  the  disoww^ 
of  nitrogen  in  uraninitt;  and  indirectly  to  the  discovery  oi  u- 
Kon. 

Among  the  more  notable  suites  in  the  exhibition  series  n 
be  mentioned  a  magnificent  collection  of  Copper  Queen  a 
itcs.  Siberiaji  tojazcp.  and  twinned  calcites  containing  a 
cent  copjwr  fmni  iho  I^ke  Superior  region.     The  collectioa  il 
rich  in  specimens  from  the  older  Pennsylvania  localities,  i 
example,  a  magnificent  series  of  brucites  mainly  from  the  o 
tions  of  Isaac  Lea  and  Joseph  Lcidy;  also  a  series  of  zaia 
on  chrnmite  from  the  old  Wood  mine,  Texas,  Lancastero 
T'eniisylvania. 

Worthy  of  particular  note  here  is  a  recent  acces 
Dr.  C.  I'.  Shepard  of  Siimmerville,  South  Carolina,  i 
ing  the  entire  private  collection  of  the  late  Prof.  Chas.  t 
ard.     This  is  especially  valuable,  since  it  contains  Dr.  S 
ard's  type  materials  and  s|)ccimens,  from  which  drawti^iiS 
ma<le  for  ])nri>'")se  of  illustration  in  the  earlier  works  mtp 
alogy.     Tl  also  contains  fine  examples  from  localities  i 
accessihle  or  exhausted. 

The  large  hlock  of   native  copper  described  by  '. 
in  his  narrative  of  explorations  of  the  source  of  (he  Mis 
in  i8jo,  from  Outtmagon  county,  Michigan,  is  displaj'Ci 
seeiicin  of  ihc  department. 

.\  ecmparativc  scries,  ilosigncd  primarily  for  t 
mineralogy,  and  which    illustrates   various    charactfti 
properties  i>f  miucrals,  containing  some  2,800  specin 
ranged  along  the  wcsl  side  of  the  hall.      The  gem  t 
wliioli  since  the  rcceiK  generous  accessions  to  the  c 
the  American  ^luseum  in  New  York,  now  ranks  i 


the  ijulilic  I 
hiliit  of  ]>ri. 


in  the  country,  owes  its  oiHg'in  to  a 
us  made  by  the  National  Museii 
:  irleans  expositions  in  1884  and  1 
■urcd  liy  purchase  the  Leidy  co11q| 
(uist,  the  important  collection  of  J 
e  tlif  growth  has  been  rapid  and  8 
J  the  JTilUience  of  the  honorary  ciistodian. 
in.  Particular  effort  is  made  to  illustrate 
■  ilie  L'liiiL'd  States.     A  lart^e,  rich  green. 
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ICTION  FROM  MARUNGO  CAVE.  INDIANA.  AS  INSTALLED  IN  THE 
NATIONAL  MITSEITM. 

(From  Kcport  of  V.  .S.  .Vat   -Vuseum  mr  IS9X) 
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brilliant  cut  tourmaline,  weighing  57J4  carats,  from  Paris, 
Maine,  is  noteworthy.  There  is  also  a  fine,  claret-red  tourma- 
line, weighing  173^  carats,  from  the  same  locality. 

There  are  also  sapphires  and  rubies  from  the  Jenks'  mine, 
Macon  county,  North  Carolina,  including  the  dark-brown,  as- 
teriated  form  described  by  Kunz  in  the  transactions  of  the  New 
York  Academy  of  Sciences  in  1883.  The  recently  discovered 
Montana  sapphire  locality  is  represented  by  a  beautiful  suite 
of  specimens,  characteristic  for  their  remarkable  lustre  and 
marked  dichroism. 

The  beryl  series  comprises  what  is  supposed  to  be  the  lar- 
gest emerald  crystal  found  in  North  America,^and  a  fine  series 
of  cut  emeralds  and  ber^'ls  from  North  Carolina,  as  well  as  a 
fifteen -carat,  cut  stone  from  the  quarries  at  Portland,  Connecti- 
cut. This  last  is  of  a  rich,  deep  aquamarine  color,  fairly  rival- 
ing the  best  Brazilian  stones. 

The  collection  also  contains  a  fairly  satisfactory  series  of 
cut  hiddenites  from  Alexander  county.  North  Carolina ;  a  cin- 
namon-colored, fifteen-carat,  cut  topaz  from  Pike's  peak,  Col- 
orado, and  a  selected  series  of  cut  turquoises  from  New  Mex- 
ico, the  gift  of  the  American  Turquoise  Mining  Co. 

The  meteorite  collection  comprises,  all  told,  some  752  speci- 
mens representing  329  distinct  falls  or  finds.  The  more  not- 
able specimens  in  this  collection  are  the  historica4  Tucson  or 
ring  meteoric  iron,  the  Allegan  stony  meteorite  which  fell  in 
Michigan  in  July,  1899,  and  the  unique  Bishopville  stone,  dis- 
co vercd  in  1843.  -"^  special  cfYort  is  made  to  secure  represen- 
tatives of  all  American  falls  and  but  little  attention  is  paid  to 
minute  fragments  too  small  for  study. 

Section  of  Invertebrate  Fossils.  The  palcontological  col- 
lection, like  other  of  the  collections  in  the  geological  depart- 
ment, consisted  at  first  very  largely  of  material  brought  in  bv 
the  government  exploring  expeditions.  Incidentally  many  small 
lots  were  presented  or  received  in  exchange  and  a  few  purchased. 
Other  additions  have  since  been  made  through  the  govern- 
mental exhibits  in  which  this  section  has  taken  part.  A  valuable 
collection  of  fossil  insects  and  a  few  vertebrates  formed  a  part 
of  the  Lacoe  collection  mentioned  elsewhere.  Perhaps  the  most 
important  collection  of  invertebrates  that  has  come  to  the  sec- 
tion hy  bequest  is  what  is  known  as  the  T.  IT.  Harris  collection 
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of  Lower  Silurian  invertebrates  from  southern  Ohio.  This 
contains  over  20,000  specimens  and  is  referred  to  in  the  repon 
for  1898  as  one  of  the  finest  ever  made  from  the  rocks  of  the 
Cincinnati  fl^roup,  being  particularly  rich  in  starfishes,  crinoids, 
and  trilobites,  including  numerous  type  specimens. 

During  tlie  past  20  years  the  section  has  naturally  been  ven- 
greatly  enriched  by  materials  turned  over  by  the  U.  S.  Geolog- 
ical Survey.  How  rapid  has  been  the  grow-th  of  these  collec- 
tions is  shown  l)y  the  record  books,  which,  in  1859,  had  less 
than  one  thousand  entries ;  w-hile,  in  1898  alone,  more  than  ^r 
000  s])ccimens  were  added  and  the  total  accumulation  is  esti- 
mated at  some  350.000  specimens,  very*  many  of  which  are.  of 
course,  duj^licates. 

Xo  inconsiderable  part  of  the  value  of  these  collecti^s  lies 
in  their  tyj^e  si)ecimens.  or  those  which  have  been  illustrated  in 
the  various  works  on  paleontology.  It  is  stated  that  there  arc, 
all  told,  something  like  4,575  lots  which  have  been  thus  d^ 
scribed  and  figured. 

The  exhibition  si)ace  for  this  section  is  limited  to  300  nin- 
ning  feet  of  si)ace  on  one  of  the  galleries.  The  exhib- 
its are  divided  into  (i)  a  historical  collection.  (21  a 
synoptic  collcxrtion,  and  several  minor  series  illustrating  de- 
vel()])mvnt  of  the  faiuias  of  particular  areas.  The  great  bulk 
of  the  invertebrate  collections  are,  however,  stored  in  drawers 
constituting  what  is  known  as  the  reserve  series.  The  paleo- 
zoic collection  is  very  rich  in  Cambrian  and  Ordovician  t^pes, 
.'I  condition  due  largely  to  the  efforts  of  Mr.  Walcott  and  the 
I.  H.  Harris  hetjuest.  The  Devonian  and  Carlxmiferous  fau- 
nas arc,  however,  only  fairly  well  represented  and  the  Silurian 
series  is  re])orle(l  as  being  comparatively  weak.  The  entire 
])a]eozoic  series,  aside  from  that  portion  on  exhibition,  is  now 
stort'd  in  something  like  1,300  drawers.  The  mesozoic  collec- 
tion is  rich  in  materials  from  the  southern  and  western  states, 
hnt  weak  in  s])eciniens  from  the  Atlantic  border.  The  Terti- 
ary colk'olion  i.s  e\cee(lin<>lv  rich. 

Srrtii>ii  of  I'crtchratc  J\ilco)iloIo^i^y. — Prior  to  1898  this 
seclit'ii,  tliniit^li  Containing  many  of  the  types  of  Cope,  Leidy 
and  Wwhcrry.  made  very  little  display,  the  specimens  col- 
li'clrd  hy  the  earlier  geologists  and  explorers  being  almost  in- 
varial)l\  «>i'a  fraumentarv  nature. 
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In  1898  Prof.  O.  C.  Marsh,  then  acting  as  an  honorary  cur- 
ator of  vertebrate  fossils,  transferred  a  portion  of  the  collec- 
tion made  by  him  under  the  auspices  of  the  U.  S.  Geological 
Survey,  to  the  museum,  and  the  history  of  the  section  might 
well  begin  with  this  date.  After  the  death  of  Prof.  Marsh  the 
entire  collection  belonging  to  the  government  was  transferred 
to  the  museum,  as  has  been  noted  in  a  prevous  number  of  this 
journal.*  As  is  there  stated,  the  actual  number  of  specimens 
represented  in  the  collection  cannot  be  stated,  since  they  range 
from  minute  teeth  of  fossil  mammals  to  individual  specimens 
weighing  from  500  to  2,000  pounds  each.  The  collections  are 
rich  in  Dinosauria,  especially  in  Triceratops  and  Stegosaurus, 
while  the  series  of  Titanotherium  skulls  is  probably  the  best  in 
existence,  containing  more  than  fifty  complete  examples  al- 
ready cleaned  and  a  number  in  the  rough. 

Among  the  specimens  thus  transferred  are  the  types  of  for- 
ty or  more  species,  including  dinosaurs  and  Jurassic,  Creta- 
ceous and  Tertiary  mammals,  the  more  important  of  which  are 
as  follows: 

DINOSAURS.  JURASSIC     MAMM.\LS. 

Labrosaurus  ferox.  Paurodon   valens.- 

Camptosaurus  nanus,  Menacodon    rarus, 

Triceratops    calicornis,  Ennacdon    affinis, 

Triceratops    Obtusus,  Ennacdon    crassus, 

Triceratops    elatus,  Laodon   venustus. 

Ceratops    montanus,  cretaceous    mammals. 

Ceratops    alticornis,  _  . 

„i  1  Pnconodon    crassus, 

Pleurocoelus    nanus,  _  .      ,    ,  .,.     ' 

c*.  *     ^^«  Crimolodon    agilis, 

Stegosaurus    stenops,  r«  ,        . 

e^  1     4.  lelacodon    praistans, 

Stegosaurus    sulcatus,  ^         ,  , 

Oracodon    cenulus, 

CROCiDiLES.  Allacodon    fortis, 

Rhj'tidon   rostratus.  Batodon   tenuis. 

SNAKES.  TERTIARY     MAMMALS. 

Coniophis    precedens.  Titanotherium    dispar, 

Trigonias    obsorni. 

The  work  of  cleaning  and  mounting  vertebrate  fossils-is  slow 
and  expensive  and  it  will  be  many  years  before  the  museum, 
at  the  present  rates,  can  exhibit  a  series  of  these  interesting  re- 
mains which  will  be  at  all  satisfactory.  A  beginning  has,  how- 
ever, been  made. 

*  Ambkican  Geologist,  March,  1900,  pp.  171-173. 
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The  department  has  for  many  years  been  the  depositon  oi 
miscellaneous  collections  of  fossil  plants  made  by  various  ex- 
ploring expeditions  and  geological  surveys,  but  it  was  not  un- 
til 1892  that  the  paleobotanical  series  became  of  sufficient  im- 
portance to  merit  consideration  among  the  great  collections  01' 
the  world.     In  this  year,  the  late  Mr.  R.  D.  Lacoe  gave  to  the 
government  his  entire  collection  of  fossil  plants,  a  collection 
tne  value  of  which  has  been  partially  made  known  to  the  sci- 
entific world  through  Lesquereux's  Coal  Flora,  of  the  second 
geological   sur\'ey  of   Pennsylvania.     This   collection  is  esii-  .| 
mated  to  contain,  all  told,  not  less  than  100,000  specimens,  of 
which  575  are  original  types. 

In  addition,  there  are  the  collections  described  in  Lesqucr- 
eux's  Cretaceous  and  Tertiary  Flora,  vol.  VIII.  of  the  report 
of  the  Ilayden  Survey,  and  his  Flora  of  the  Dakota  group, 
monograph  17  of  the  present  U.  S.  Geological  Survey,  and  in 
Fontaine's  Mesozoic  Flora  of  North  America,  monog^raphs  6 
and  15,  U.  S.  Geological  Survey;  Newberry's  Later  Extina 
Flora  of  North  America,  monograph  35,  U.  S.  Geological  Sur- 
vey ;  White's  Fossil  Flora  of  the  Low-er  Coal  Measures,  mono- 
graph 37,  U.  S.  Geological  Survey,  and  others  of  less  impor- 
tance. It  is  casv  to  see,  therefore,  that  the  collection  is  bv  far 
the  largest  and  most  valuable  of  its  kind  in  America,  and  per- 
haps in  the  world.  It  contains  altogether  not  less  than  2,000 
types  and  figured  specimens. 

The  view  here  given  (plate  xiii)  from  the  annual  report o! 
the  Museum  for  1900,  shows  the  gallery  of  the  Museum  (l^ 
voted  to  the  storage  of  the  study  series  of  fossil  plants.  Tlic 
section  lias  lierc  some  1,900  drawers,  giving  an  area  of  10.000 
sfiuare  feet  of  storage  space.  The  table  cases  around  the  outer 
edge  of  the  gallery  serve  as  convenient  tables  for  the  laying 
out  of  material  for  study. 

The  question  as  to  what  extent  it  is  proposed  to  carr}'  the 
(.'xliibition  series  in  the  Museum  is  an  imix)rtant  one.  The 
present  feeling  on  the  i)art  of  the  officers  of  the  various  depart- 
ments, is  that  a  practical  limit  is  very  quickly  reachetl.  A  com- 
paratively small  number  ot  well-selected,  w^ell-preserved,  typ- 
ical forms,  pro])erly  labeled  and  so  installed  as  to  attract  atten- 
tion and  at  the  same  time  convey  an  idea,  are  recognized  as 
of  t^reater  value  than  dozens  of  specimens  of  poorer  materials 
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<fisplayed  in  a  less  satisfactor>'  manner.  In  fact,  unless  each 
•ucceeding  specimen  illustrates  some  new  feature,  the  smaller 
the  display  the  better.  But,  how  to  so  display  a  specimen  as  to 
get  the  maximum  value,  is  a  question  with  which  the  curators 
of  every  museum  are  still  struggling.  Color  of  case  interiors, 
direction  of  light,  character  of  label  and  many  minor  points 
have  to  be  considered.  In  the  department  of  geology  the  pre- 
vailing color  for  case  interiors  is  a  warm  cream  tint.  Years 
of  experience  have  shown  this  to  give  most  general  satisfac- 
tion, when  its  non- fading  character  and  the  varying  color  of 
the  specimens  are  taken  into  consideration.  Labels  are  brief 
and  printed  with  heav>'-faced  black  type  on  gray  green  board. 
This  color  is  not  all  that  might  be  desired  from  a  purely  aes- 
thetic standpoint,  but  it  has  been  selected  as  affording  a  label 
Aat  is  legible  and  non-fading;  the  first 'essentials  of  a  label  are 
considered  legibility  and  conciseness  of  statement.  In  the  ear- 
ly history  of  the  department,  labels  were  much  larger  than  at 
present.  It  was  found,  however,  that  not  merely  would  it 
prove  to  be  a  practical  impossibility  to  label  the  entire  collec- 
tion as  fully  as  proposed,  but  that  the  public  did  not  demand 
such.  Certain  striking  specimens  of  large  size,  or  of  peculiar 
interest  for  other  reasons,  do  demand  full  explanatory  labels. 
In  the  systematic  series  it  has,  however,  been  found  that  a  brief 
label,  giving  name  and  locality,  best  servos  the  purpose,  addi- 
tional information  being  given  in  the  case  label  and  in  books  of 
reference  placed  upon  the  tables  in  the  halls.  As  a  rule,  no 
specimen  such  as  cannot  be  rci)laced  is  put  upon  exhibition,  if 
more  liable  to  injury  or  deterioration  there  than  in  the  drawers 
of  the  reserve  series.  Xor  is  a  specimen  necessarily  considered 
as  withdrawn  from  the  study  series  by  being  placed  upon  ex- 
hibition. 

The  question  of  getting  a  niaxinuim  number  of  specimens 
into  a  case,  with  a  minimum  amount  of  interference  or  shadow, 
has  been  quite  satisfactorily  solved,  so  far  as  the  section  of  ver- 
tebrate fossils  is  concerned,  by  the  means  shown  in  plate  V. 
As  will  be  noted,  shelving  is  done  away  with,  excepting  that 
afforded  by  the  bottom  of  the  case  and  two  narrow  shelves  at 
the  top,  for  large  and  heavy  materials  which  are  often  out  of 
classification  as  compared  witli  the  rest  of  tlic  exhibit.  The 
fossils    are    here    cemented    to    encaustic    tiles    of    standard 
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tlu-y  inrlivirltially  arc  absorbed,  are  disposed  to  ne^lca  'It 
<  ];iiin>»  of  the  educated  public  to  the  enjo\Tnent  and  in*:n:n-^* 
which  museums  afford.  Thev  do  not  hesitate  to  sav  dia:  ?ci- 
enlific  imi scums  should  be  administered  for  the  benefit  Si^Icl; 
of  persons  cnj^aj^erl  in  research.  Such  men  would  find  no  wel- 
come amonf;^  us." 

The  j>rivilej;^e  a!K>vc  noted  has  been  appreciated,  as  is  sho^ii 
!»y  the  lar^ijc  num!K:r  of  packages  received  daily  with  requests 
for  iflcntifiCcition.  "Since  the  museum  was  opened  in  1881, 
not  less  than  6,fX)0  i)ersons  have  taken  advantag^e  of  this  priv- 
ilcj^c,  and  not  a  day  passes  without  receiving  similar  requests." 
y\s  may  readily  be  imafi^ined,  very  many  requests  for  assays 
and  analyses  r>f  material  of  supposed  economic  value  are  re- 
ceived.    The  museum  has,  however,  no  facilities  for  this  work. 

The  National  Museum  is  not  organized  primarily  as  a  bu- 
reau of  rt'search,  hut  rather  as  a  museum  of  record,  a  place  for 
the  preservation  of  the  types  of  past  investigfations.  The  first 
duty  of  its  oflTicials  relates,  then,  to  the  care  of  the  collections. 
The  amoiuit  of  original  work  that  is  put  out  from  year  to  year 
may  not,  therefore,  he  as  great  or,  possibly,  in  all  cases  of  as 
high  grade  as  would  he  the  case  under  more  favorable  circum- 
stances. Tliat  a  large  amount  of  good  work  is  nevertheless, 
being  done,  is  self-evident. 

Materials  diMiated  to  the  museum  or  deposited  for  prcscr- 
vaiinn  nmst.  of  course,  he  retained  indefinitely,  luiless  an  agree- 
ment is  made  to  the  contrary.  Nevertheless,  by  one  means  or 
.'uiniher  often  through  the  direct  i")ersonal  efforts  of  the  cura- 
ttMs  a  lari;e  anuunu  oi  du])licate  material  is  acquired,  whicl*. 
as  iHcasiMii  oHVrs.  is  made  up  into  sets  and  distributed  undiT 
congressional  endiu-semeni  to  schcK^ls  and  colleges,  or  sent  cm 
h\  way  o\  exchange.  It  is  calculated  that,  from  the  depart- 
nuMii  o\  gci^loi^y  alone,  there  have  been  thus  sent  oiu  durir^r 
tlu^  pa^l  ten  \cars  not  less  ihan  30,000  s]xvimens  of  rocks,  ores. 
minerals  anJ  t"o>sil>. 

Vhc  >erions!\  crowvlcvl  condition  oi  the  museun"!  exhib: ::.":". 
lialN  i^  a  Mib'cci  x^\  chronic  d.^mplaint  in  all  of  :lie  rup.'r:-. 
i.\T:'.:v.n|L:  v»iir  ;i:icntion  to  :iie  geiMogical  depanmcnT.  ::  is  -.»> 
I'.v  v.:  :' .;■  i!:e  p:v>cr.i  e\r.il>iis  would  K^  much  more  a::n-.c::v'j 
v\ •;:'..'.  ;:\\  ^c  ir.^-.'.c  :•  .vcinn-  at  least  one-third  r:.c^  >:cr; 
i'':i-.ii>!t >  :»v:\\  ve:i  ::u  Cci><:<  are  Kx>  narrow  :  the  liiH";:  :s    ihirrl" 
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diminished,  and  the  general  view  obstructed.  The  collections 
in  invertebrate  paleontology  occupy  only  about  one-half  the 
space  at  present  desired,  and  the  space  devoted  to  vertebrate 
remains  will  prove  ridiculously  insufficient  so  soon  as  the  work 
now  under  way  of  restoring  some  of  the  larger  remains  of  Tri- 
ceratops,  Stegosaurus  etc.,  is  completed. 

The  workrooms  of  the  department  are  at  present  in  a  rented 
building,  several  blocks  from  the  museum,  while  hundreds  of 
boxes  of  materials  from  the  various  surveys  are  stored  in  the 
sheds,  where  not  readily  accessible.  Laboratories  and  offices 
are  too  crowded  to  admit  of  satisfactory  accommodations  for 
more  than  the  present  force.  The  entire  space  at  present  de- 
voted to  exhibition  and  study  installation  amounts  to  a  little 
short  of  25,000  feet.  It  is  estimated  that  at  the  present  rate  of 
gfrowth  100,000  square  feet  will  be  none  too  much  to  supply  all 
the  needs  of  the  department  during  the  next  ten  years. 

G.  p.  M. 
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Die  Ursachcn  dcr  OhciHachcn^csfaltinii^  dcs  XorddcutscJicn  FUuJi- 
landcs.  von  Dr.  Felix  Wahnschaffk.  9  plates  and  33  text-illus- 
trations. i)p.  258.  Second  edition,  fully  revised.  Stuttgart.  J. 
Engelhorn.     1501.     10  marks. 

Since  the  inititial  examination  and  publication  by  Salisbury  and 
WahnschafTc  on  the  moraines  bordering  the  southern  Baltic  in  Ger- 
many, the  glacial  geology  of  Germany  has  received  much  more  attention 
than  ever  before,  and  especially  !)y  Dr.  Wahnschaffe.  In  this  volume 
(which  would  be  much  improved  by  the  addition  of  an  index)  the 
author  has  gathered  all  the  essential  facts  known  relating  to  this  in- 
teresting region,  whether  r^bserved  by  him>^elf  or  by  others,  making  a 
monograph  similar  to  those  of  L'pham  and  of  Leverett  on  certain  por- 
tions of  the  drift  of  the  Um'ted  States,  but  less  bnlky.  He  describes, 
and  frecpiently  illustrates  by  diagrams,  the  various  elements  of  the 
drift-plains,  including  their  terminal  moraines,  and  conch*:les  with  a 
chapter  on  post-glacial  modifications  of  the  drift,  whether  by  wind  or  by 
wave.  In  giving  the  order  of  succession  of  the  north  German  Quater- 
nary formations,  as  indicated  by  the  facts  presented  in  the  volume,  the 
author  presents  the  following  scheme : 


.24  The  American  Geologist,  Anpw.i'ni 

POST-GLAOAL. 

(a)  Later:     Beech  and  alder  (with  Mya). 

(b)  Earlier:     Oak    (Litorina);   Birch,    Pine    (AncylusV 

GLACIAL. 

Latest  glacial  phase ;  Dryas   (Yoldia)  ;  Fauna  and  flora  still  sab- 
arctic. 

Third  ice  age;  (a)  Melting  period;  terminal  moraines.  >and<  c-i 
valleys  and  terraces,  osars,  kames,  gravel,  loess,  (b.)  Covenng  oi 
land  ice;  Upper  marl  sand  (ground  moraines),  subglacial  sand  and 
gravel. 

Second  intcrglacial  epoch :  Fauna  of  large  animals ;  iniergladal 
peats ;  deposits  containing  fresh-water  shells ;  marine  formations  on- 
taining  certain  oyster  beds,  clays,  with  Cypris  and  diatoms. 

Second  ice  age:  Lower  marl  sand  (ground  moraines),  fluvio-gU- 
cial  gravelly,  sandy  and  clayey  deposits. 

First  intcrglacial  epoch :  Fresh  water  deposits,  peat  and  calcarecKis 
tufa,  sands  with  Valvata.  Marine  deposits,  sands  with  Cardium,  Yoldia 
and  Cypris.     Diatoms. 

First  ice  age :     Ground  moraines  and  older  fluvio-glacial  sediments 

Pre-glacial  time :  Deposits  not  yet  demonstrated,  although  some 
of  the  fossiliferous  l)eds  above  assigned  to  the  first  intcrglacial  ep«)ch 
have  been  considered  pre-placial.  N.  h.  w. 

Le  granite  des  Pyrenees,  et  ses  phenomenes  dc  contact.  3  plates,  16  text 

figures,    pp.    68.     By    A.     Lacroix.      Ch.    Beranger,    Paris,    1500. 

(Bull.  Ser.  Carte  Geol.   France  No.  71.) 

The  facts  and  conclusions  therefrom  given  in  this  bulletin  are  very 
important,  considered  from  a  petrological  point  of  view.  This  publica- 
tion marks  i)erliaps  an  important  epoch  in  European  geological  literature. 
While  some  of  the  conclusions  have  been,  here  and  there,  anticipated  b}' 
earlier  i)u1»lications,  in  no  case  have  they  been  so  fairly  presented,  nor 
'^o  fully  supi)r»rlcd  by  reference  to  field  evidence.  The  author  is  one 
of  the  nK)st  skilled  and,  at  the  same  time,  one  of  the  most  cautious  of 
living  pctrographers  and  he  has  spent  several  years  in  gathering  and  in 
studying  the  field  facts,  and  in  the  necessary  laborator>'  work.  His  re- 
sults necessarily  carry  conviction  to  all  who  are  open  to  conviction. 
It  will  be  (liflicult  to  (|uestion  them  with  good  reason  adversely  until  the 
same  facts  shall  have  received  equally  as  long  and  detailed  a  study. 
TIksc  important  results  can  be  summarily  stated  as  follows  : 

1.  The  granite  of  the  massif  of  Querigut-Millas  surrounds  and  in- 
closes along  the  south  ^idc  a  large  band  of  paleozoic  limestone.  On  the 
>()utlu'rn  border  this  limestone  band  is  separated  from  some  schists 
by  tile  enclosing  spur  of  granite. 

Along  the  >(nitluTn  side  of  the  granitic  massif  cxomorphism  is 
notable,  in  the  schist^  and  in  the  limestone,  the  former  taking  the 
character  of  leptynolytes.  or  feldspathic  mica  schists,  with  frequent 
(leveloj)nient  of  lonrnialine,  andalusite.  cordierite  etc.,  also  sillimanite 
and  lnic^^cline.     A  special  type  contains  abundant  orthoclase  and  oligo- 
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clase,  with  biotite  and  graphite,  and  still  another  ilmenite,  allanite  and 
epidote.  The  limestone  is  mar-morized  and  garnetized  with  reddish 
yellow  grossulaire  in  large  rhombododecahedrons.  In  other  places  it 
is  rich  with  epidote  and  hairy  idocrase,  with  wollastonite,  diopside, 
chabazite  and  stilbite.  In  these  modifications  sometimes  microcline  and 
sometimes  quartz  is  in  the  last  mineral  formed.  Epidote  increases  to 
form  epidolyte.  It  is  then  granulitic  and  pyroxcnic.  Sometimes  it  is 
rich  in  sphene,  diopside  and  blue  tourmaline.  The  limestones  also  take 
the  form  of  compact  dense  feld.spathic  rocks  derived  from  thin  alter- 
nating beds  of  limestone  and  of  schist,  constituting  a  banded  horn- 
stone.  Talc  appears  also  as  a  product  of  such  modifications,  and  beds 
of  magnetite  as  a  pneumatolitic  product  at  the  contact  planes.  In  the 
marble  arc  also  veins  of  aplytc  and  pegmatyte.  These  veins  are  not 
derived  from  injection  from  the  granitic  magma,  but  from  slow  mole- 
cular filling  of  fissures  by  the  action  of  mineralizing  waters. 

3.  Along  the  northern  slopes  of  the  granitic  massif  the  exomor- 
phism  is  less,  and  the  granite  is  much  decayed  and  granulated.  It 
contacts  on  Silurian  schists  and  Premo- Carboniferous  and  Devonian 
limestones  and  on  Secondary  limestones.  The  modified  sedimentaries 
present  essentially  the  same  characters  as  on  the  south  side. 

4.  The  granite  passes  progressively  to  hornblende  granite,  then  to 
quartz  dioryte,  to  basic  dioryte  and  to  hornblendytes,  including  noryte 
and  hornblendic  peridotyte. 

5.  These  several  rocks  are  Separated,  in  different  stages  of  alter- 
ations, from  the  normal  granite,  by  a  form  of  granit/2  containing  in- 
clusions showing  different  degrees  of  exomorphism. 

6.  There  is  a  clear,  close  connection  between  the  nature  of  the 
sedimentaries  adjacent  and  these  inclusions,  indicating  their  source. 

7.  It  is  logical,  therefore,  to  consider  these  inclusions  sometimes 
as  fragments  from  the  sedimentaries  highly  exomorphosed  or  some- 
times as  portions  of  the  granitic  magma  cndomorphoscd  by  the  diges- 
tion of  such  fragments.  Yet  they  approach  so  closely  together  in  min- 
eral nature  that  sometimes  their  source  whether  in  the  magma  or  in  the 
sedimentaries  cannot  be  distinguished. 

8.  The  granitic  magma  could  have  absorbed  a  great  (juantity  of 
the  schists  without  having  its  mean  composition  much  altered. 

9.  The  absorption  of  calcareous  sediments  produces  intermediate 
phases  of  ba'^icity  in  the  granitic  magma. 

These  conclusions  hear  directly  on  the  theoretical  origin  of  the 
basic  and  intermediate  eruptive  rocks,  and  seem  to  render  the  notion 
of  magmatic  differentiation  unnecessary,  and  at  this  place  inapplicable. 
At  the  same  time  it  should  he  noted  that  Prof.  Lacroix  doe.s  not  per- 
mit himself  to  universalize  these  re>ults,  but  states  that  every  case  must 
be  studied  by  itself.  n.  h.  w. 

Geologischcr  FuJircr  durch  Cariipanicu.     \'on  Dr.  W.  Deec:ke. 

This  is  No.  8  of  the  cc^llcction  of  geological  guides  published  by 
Gebriider  Borntraeger,  Berlin,  iroi.  Costs  4  marks.  This  guide 
would  be  particularly  valuable   to   tourists   interested   in   volcanic   phe- 
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nomcna.  It  has,  besides  general  maps,  special  maps  of  volcanoes  and 
phtHographic  views  of  some  of  their  scenery ;  also  a  bibliography  of  iht 
chief  literature.  n.  h.  \s. 

The  Coal  and  Metal  Miner's  Pockctbook  of  Principles,  Rules.  Formu- 
las and  Tables.  The  Colliery  Engineer  Company^  Scranton.  Pa. 
Sixth  edition,  revised  and  enlarged  with  original  matter.  1900. 
This  handy  and  gilt-edged  little  volume  is  fully  described  by  iti 
title.  It  is  printed  on  fine,  calendered  paper  in  solid  nonpareil  tj-pt, 
and  contains  in  small  .<pace  a  vast  amount  of  technical  information. 
It  contains  a  glossary  in  which  are  definitions  of  many  Mexican  and 
Cornish  terms.  This  glossary,  however,  is  almost  destitute  of  geoIi:)g- 
ical  and  mineralogical  terms.  It  is  apparent  that  no  geologist  had 
part  in  its  compilation.  **Archean'*  is  defined  as  **an  early  period  of 
geological  time."  Any  geologist  would  have  said  the  earliest  period 
of  geological,  time.  The  presence,  moreover,  of  such  a  definition  a? 
this:  "Argol — A  crude  tartar  deposited  from  wine,"  is  almo.'^t  a 
demonstration  that  some  expert  other  than  the  geologist  selected  the 
terms  of  this  glossary-,  for  no  geologist  would  assume  that  such  crude 
tartar  has  any  relation  to  coal  or  metal  mining.  N.  H.  w. 

Report  on  the  Geology  of  the  Philippine  Islands.    George  F.  Becker. 

(From   the  21st  Annual   Report  of  the  United   States   Geological 

Survey.     Washington,   IQOI.) 

Mr.  Becker  has  admirably  begun  the  Governmert's  geological  work 
in  the  Philippines.  He  has  catalogued  all  earlier  geological  publication-, 
of  whatever  nationality,  and  his  deduced  from  them  a  compact  sketch 
ot  what  is  known  of  the  geological  structure  and  history  of  the  en- 
tire group  of  islands.  At  the  same  time  he  has  added  his  own  obser- 
vations, and  has  given  to  the  whole  interesting  sketch  a  decidedly  orig- 
inal and  American  clearness,  as  well  as  completeness. 

In  the  ea>tern  part  of  Luzon,  and  of  other  islands,  arc  crystalline 
schists  and  nia<^ive  rocks,  gneiss,  granite  in  small  quantity,  possibly 
.^onie  »iyenyte.  while  dior>tes.  diabases  and  gabbros  are  abundant.  Sim- 
ilar formation'^  are  found  in  the  eastern  portion  of  other  islands. 
S<»ine  of  those  rock*?  may  be  Archean.  by  analogy  with  the  geology 
oi  Ht^rneo  and  oi  Java,  but  the  diabases  and  gabbros  are  thought  to  l>e 
mainly  p(>st-Carbi)ni fen »ns. 

Of  stratitiid  rock.  Dr.  Decker  states  that  none  are  known  of  pre- 
Teriiary  a.ue — although  they  may  exist,  and  do  exist  in  adjacent  island 
^^r<ui  s  t«»  wliicli  the  Philippinrs  seem  to  be  allied  in  one  geological 
j)ro\iiH:f.  The  l-'oocne  is  <uppo>ed  to  exist,  but  it  is  not  well  authenti- 
cattrj.  (\rtaiii  l)!;!ck  lii^tiitc-s  have  been  reasonably  supposed  to  l)e  *>i 
tl:e  ]^.<cMu.  and  tliat  would  require  the  Eocene  through  the  southern 
]>rt»\  iiic(.  >  ot  I/.!/on.  and  in  the  \'i>ayas.  The  Miocene  seems  to  have 
a  ]'a-a]  o< 'tn^r], .-uraif.  in<liratinir  non-conformitv  on  the  EcKcnc  Other 
strata  :.w  onn-:<loi\<l  Pli-'cene  and  post-Pliocene.  The  islands  have  ro- 
ctivrd  a  ncon.t  n[)]ift.  after  pt-neplanation.  thus  forming  extensive 
]>laiii-    that    are    fertile,   and   thickly    settled.     This   uplift    began    in   the 
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later  Miocene  and  still  continues,  being  marked  by  successive  terraces 
and  by  elevated  coral  limestones. 

The  author  thus  stmimarizes  the  probable  geological  history  of  the 
Philippines : 

"Summarizing  the  foregoing  facts  and  inferences,  it  would  seem 
that  the  geological  history  of  the  Philippines  is  something  as  follows : 
From  early  Paleozoic  times  onward  an  archipelago  has  usually  marked 
the  positions  of  these  islands.  Prior  tp  the  Eocene  nothing  definite 
is  known  of  them,  but  further  investigation  will  very  likely  disclose 
Paleozoic  and  Mesozoic  strata  there  as  in  the  Sunda  and  the  Banda 
islands.  During  the  Eocene  it  is  probable  that  the  lignitic  series  of 
Cebii  was  deposited,  and  the  contorted  indurated  strata,  which  in 
other  localities  also  carry  black  lignite  relatively  free  from  water, 
should  be  referred  provisionally  to  this  period.  Whether  the 
nummulitic  limestone  found  at  Binangonan  is  Eocene  seems  to  me  to 
be  an  unsolved  question.  After  the  Cebuan  lignitic  epoch  a  great  up- 
lift and  folding  took  place,  and  this  may  have  been  a  detail  of  the  late 
Eocene  movement  which  so  profoundly  modified  Asia  and  Europe.  It 
must  have  brought  about  temporary  continuity  of  land  area  between 
Borneo  and  Luzon,  Somewhere  about  the  middle  of  the  Miocene  the 
country  sank  to  a  low  level.  Many  of  the  present  islands  must  then 
have  been  far  below  water,  while  Luzon  and  Mindanao  were  repre- 
sented by  groups  of  islets.  Observations  appear  to  suggest  that  the 
Agno  beds  represent  the  basal  conglomerate  formed  at  this  subsidence. 
A  slow  rise  began  again  during  the  later  Miocene,  and  may  have  con- 
tinued to  the  present  day  without  inversion,  yet  the  actual  distribu- 
tion of  living  forms  is  such  as  to  give  some  grounds  for  believing  that, 
•at  some  intermediate  period,  the  islands  were  a  little  higher  than  they 
now  are,  but  sank  again  only  to  rise  afresh.  The  diorytes  and  asso- 
ciated massive  rocks,  including  their  tuffs,  may  have  made  their  ap- 
pearance about  the  close  of  the  Paleozoic.  The  less  siliceous  of  these 
rocks  seem  to  have  followed  the  more  siliceous  intrusions  as  a  whole. 
The  gold  deposits,  and  perhaps  other  ores,  are  so  associated  with  these 
nia-ssivc  rocks  as  to  indicate  a  genetic  relation.  The  nco-volcanic  per- 
iod began  as  early  as  the  highest  Miocene  horizon,  and  very  prob- 
ably at  the  post- Eocene  upheaval.  If  the  scnii-plastic  marls  of  Cebii 
are  all  Miocene,  the  earlier  andesitic  rocks,  at  least,  date  back  nearly 
to  the  great  up-hcaval.  Amon^  these  rocks,  also,  there  is  sometimes 
a  tendency  for  the  basalts  to  follow  the  andesitcs,  but  the  one  dacite 
found  at  Corregidor  is  later  than  the  andcsitcs  of  that  island.  The 
relation  of  the  trachytes  to  the  andcsites  is  not  certain,  but  the  sanidine 
rock  is  probably  the  earlier.  A  very  large  part  of  the  nco-volcanic 
ejecta  has  fallen  into  water  and  been  rc-arranged  as  tufFaceoiis  i)lains. 
'1  he  volcanic  vents  appear  to  me  to  occur  rather  on  a  net  work  of  fis- 
sures than  on  a  single  system  of  parallel  diaclascs,  and  the  volcanic 
activity  is  to  be  regarded  as  a  thermal  manifestation  of  the  energy 
of  upheaval."  n.  h.  w. 
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CORRESPONDENCE^ 


Recent  Submergence  of  the  Asiatic  Continent.  As  I  have  not 
yet  had  time  to  present  in  detail  the  facts  which  led  me  to  become 
convinced  of  the  recent  extensive  subsidence  of  the  Asiatic  continent, 
I  may  be  permitted  in  advance  to  mention  two  points  which  will  help 
to  clear  up  the  doubts  expressed  by  Prof.  Claypole  in  his  communica- 
tion to  the  July  number  of  the  American  Geologist. 

The  first  point  relates  to  the  origin  of  the  loess  in  northern  China. 
Prof.  Geikie,  on  page  699  of  the  revised  and  enlarged  edition  of  his 
"Great  Ice  Age,"  in  1895,  gives  expression  to  the  same  opinion  that  is 
entertained  by  Prof,  Claypole.  that  the  material  of  the  loess  is  "large- 
ly of  fluvio-glacial  origin,'  while  on  a  previous  page  (697)  he  accepts 
without  reservation,  the  statement  of  Przevalski  that  "undoubted  traces 
of  former  glaciation  are  seen  in  the  Suma-Hada  range,  west  of  Kal- 
gan  in  China."  In  his  map  facing  page  691  Geikie  also  represents  this 
region  west  of  Kalgan  as  containing  an  extensive  glaciated  area. 

Believing  at  the  outset,  as  I  did,  in  the  glacial  origin  of  loess  ma- 
terial and  in  the  probable  correctness  of  Przevalski's  inference,  I  took 
a  450-mile  ride  on  muleback  into  the  Mongolian  frontier  to  verify  the 
theory.  This  enabled  mc  both  to  see  the  most  significant  deposits  of  loess  in 
China  and  to  cross  and  recross  the  mountains  on  the  border  of  the  Mon- 
golian plateau  where  the  glaciers  must  be  located  to  furnish  the  loess 
material  for  that  region,  if  indeed  it  were  of  glacial  origin.  But 
though  traversing  this  most  probable  glaciated  area  for  a  distance  of 
150  miles,  we  found  not  only  no  evidence  of  any  former  glacial  occu- 
pation, but  abundant  evidence  that  there  had  been  no  glaciation  of  the 
region.  The  whole  erosion  of  the  region  has  been  sub-aerial,  rather 
than  subglacial. 

If  our  conclusions  be  correct  (and  they  accord  with  those  of  Rich- 
thofen)  the  glacial  origin  of  the  kx^ss  of  northeastern  China  must  be 
abandoned  ;  and  if  abandoned  there,  I  see  not  why  it  should,  except 
on  special  evidence,  be  maintained  with  reference  to  other  localities. 
Furthermore,  though  our  examination  of  the  facts  along  the  base  of  the 
Ala-Tau  mountains  in  Turkestan  was  not  so  complete  as  that  in  east- 
ern Mongolia,  it  was  such  as  to  leave  little  doubt  in  our  minds  that  the 
glacial  phenomena  of  those  mountains  were  entirely  incompetent  to  ac- 
count for  either  the  amount  or  the  distribution  of  the  loess  over 
which  we  traveled  for  many  hundred  miles. 
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Quarterly  Journal  of  tht  ly/ndon  Oec-k-gicil  S:c::-c*:j      t-.C   .■  _     x.  1. 
Z4fy>   relates  Xo  the  extent!-. e  <iej*«>*:t  of  beach  gr*-.  e-I  z^*:*::  Urt  liv  i 
the  precipJt''^5   c!:ff  of  v^^caoic  rock  which   rzfc-f    :"T-_r>*-l-i*-i. 7   vjtjh 
'IreJ/JZ'/nd  '/n  the  Bjack  ?ea.     Th:§  <iep':/*it  reaches   i:-  i  '-irr    :  *> 
f«.-et   'd\tt>\<  the  st^  and  it  of  a  character  aac  cancr:":   ? ^rh  Lf  — ""j 
preclude--  itt  acctimalation  in  any  other  mar  ihi=   "r^  ■■-•-. t  tr.  r  ;: 
thai  level.     1  he  material  is  not  local,  it  i?  much  r:.mde*f_  ::•;■—    :  l. 
!>*>*■. «>ihlc  relatjon-  to  any  Joca!  streams  «h:ch  niigfct  biT*   i-*^<-T-r:  *. 
it  IS  fre-h  :n  a^jKarance.  and  i*  sabsequcni  10  all   liyt  ;.m::;;L  -.cs 
er'rsion  of  the  rcgi^m.     In  preMmcc  of  ihts^  izcir-.   o:ir  fajlrr*  *..  ^1 
seashelK,  or   indeed  the  total  absence  of  *<a>hc"*.    w-rrl-l  -:•:  xc^: 
strf/ngly  in  the  balance  against  the  inference  that   ihcy  izi^cizizt  2.  r^ 
cent  water  level  of  the  Black  sea. 

Since  returning  home  one  of  my  pup:!?,  who  :«  ski"e^  :n  ?-ct  r- 
ve^itigation-.  inform-  me  that  he  has  found  a  similar  de^>?::  r&r 
.Samv^un.  which  i-^  al-o  up<'>n  the  Black  ?ca  about  one  hundred  zrS.tyZ: 
the  w<-t  But  I  will  not  anticipate  the  full  statement  of  ttic  fic:- 
which  I  hope  to  make  when  the  present  pressure  of  my  da^^y  ••i--ri 
shall  l>e  removed.  G.   Frederick  Wkir^HZ 

Oherlin.  July  22.  uyoi. 

BiMjN^.->  AND  His  Bi£jlkk;r.\fhy  :  Will  you  please  add  the  folI:w*ni 
titles  to  the  hihliography  of  Elkanah  Billings,  given  in  the  May  nur:- 
Ixrr  of  the  Amf.ki'an  Ge<il/x;ist?  I  am  indebted  to  major  A.  \V. 
Vogd<:->  of  Hr'f^/klyn.  for  four  of  these  references. 

i860. 

yldditionul  .\'.'/<'  "»  the  Potsdam  fossils  .\mer.  Jour.  Sci  &  \n'^. 
\'<}\.  ,vj.  iH^/D.  2i\  .Ser..  pp.  337-338:  New  Haven.  Conn. 

1862. 

0*1  prufiWS'ir  Hall's  Claim  t>f  Priority  in  Determination  of  the  A^*' 
iif  the  Red  Sandstone  of  Vermont.  Amer.  Jour.  Sci.  &  Arts.  2A 
Srr  ,   \'n\.  .^3.  pp.  370-37^>,   1862;  New  Haven,  Conn. 

1865. 

X'ttiie  of  S<'we  Xeze  Genera  and  Speeies  of  Palaeozoic  Fossils.  Can. 
X;it.  it  (icol  .   \'ol.  2.  2d  Scr.,  pp.  425-432,  Dec.,    i»05:   Montreal. 

(.'anri'la.  • 

1869. 

S(ttr  i>v  :hr  ."^tru.ture  of  the  Blaistodea.  Amer.  Jour.  Sci.  &  .\rt>. 
\'«.l.  47.  p.  ^=^^,  iXO):  -W-w  Haven.  Conn. 

1872. 

On    Sofur   .Vt\v   .V/'('(iV.j    cf   Paleozoic   Fossils.    Amer,     Jour.    Sci.  & 
,\ri>.  \'oI.  3.  m\  Scr..  pp.  352-360:  New  Haven,  Conn. 
(Mtawa.   Can.  H.   M.  AMI. 
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PERSONAL  AND  SCIENTIFIC  NEWS, 


Professor  W.  M.  Davis  is  in  the  west,  on  a  second  geolog- 
ical trip  to  the  Grand  Canon. 

Prof.  H.  F.  Osborn  spent  part  of  June  inspecting  the  work 
of  his  exploring  parties  in  Wyoming. 

Mr.  S.  F.  Emmons  will  make  a  supplementary  report  on  the 
Leadville  mining  district  of  Colorado. 

Dr.  C.  p.  Berkey,  of  Minneapolis,  made  a  professional 
visit,  in  July,  to  mining  points  in  Montana. 

Dr.  W.  D.  Matthew,  of  the  Am.  Mus.  Nat.  Hist.,  is  in 
eastern  Colorado  hunting  for  fossil  vertebrates. 

At  Johns  Hopkins  University  Dr.  H.  F.  Reid  has  been 
promoted  to  the  professorship  of  geological  physics. 

Dr.  U.  S.  Grant,  of  Evanston,  was  enegaged  recently  in 
the  investigation  of  certain  graphite  deposits  in  Georgia. 

Dr.  Jos.  Le  Conte,  professor  of  geology  and  natural  his- 
tory at  the  University  of  California,  died  June  6,  aged  88  years. 

Mr.  Geo.  H.  Eldredge  will  examine  and  report  on  the  oil 
regions  of  California  for  the  United  States  Geological  Survey. 

Mr.  J.  B.  WooDWORTH  is  continuing,  for  the  New  York 
survey,  his  study  of  the  problems  of  submergence  in  the  state. 

The  Ontario  Bureau  of  Mines  has  a  fine  exhibit  of  the 
minerals  and  ores  of  the  Province  at  the  Pan-American  Expo- 
sition. 

Dr.  E.  O.  Hovey.  of  the  Am.  Mus.  Nat.  Hist.,  is  spending 
several  weeks  in  the  P>lack  Hills  region  collecting  Jurassic  in- 
vertebrates. 

A  Professorship  of  CrEoi.or.v  has  been  established  at  the 
University  of  Colorado,  the  first  app<:)intment  being  Doctor  N. 
M.  Fenniman. 

Mr.  J.  S.  Dit-LEK,  of  the  L^iited  States  Geological  Survey, 
^vill  examine  the  geology  of  the  mining  district  at  Ikilly  Hill, 
Shasta  county,  California. 

Professor  W.  G.  Ttght,  of  Denison  University,  has  re- 
signed, to  l)ecome  president  and  professor  of  geology  in  the 
University  of  New  Mexico. 

The  Honorabt.e  C.  D.  Walcott  was  recently  given  an 
honorary  LL.  D.  at  Chicago  University,  and  Mr.  Arnold 
Hague  a  D,  Sc.  at  Columbia  University. 

Mr.  G.  D.  Huhhari).  recently  a  graduate  student  at  Har- 
vard University,  has  been  appointed  instructor  in  geography  at 
the  State  Normal  School,  Charleston,  Illinois. 

Dr.  Gilbert  Va\  Tnckn  has  severed  his  connection  with 
•Columbia  University  and,  during  the  present  season,  is  engaged 
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in  field  work  on  the  lower  paleozoic  formations  about  the  .Vj- 
ronflack  mountains  for  the  New  York  geolc^cal  sunc}-. 

In  wksterx  Wyoming  oil  was  accidentally  discovefeti  bv 
the  o|)erators  in  the  construction  of  a  railroad.  It  naturallj 
flowed  about  five  barrels  per  day.  Immediately  numerous  odci- 
panies  were  incorporated,  and  large  tracts  of  land  were  taken 
up  for  oil  prospectors. 

The  death  of  Dr.  Theo  G.  White,  an  active  and  able 
younj^  geolc^st,  of  New  York,  July  7,  is  the  cause  of  deep  and 
sincere  regret.  There  is  a  [peculiar  sorrow  connected  with  the 
decease  of  such  a  young  man,  well  equipped  for  his  protessi-Mi, 
who  had  a  resasonable  expectation  and  promise  of  many  years 
of  honorable  service.  We  may  present  in  the  future  a  more  suit- 
able sketch  of  his  life. 

The  Missrn:Ri  Geological  Survey. — Governor  A.  M. 
DrKkery  on  May  23d  appointed  a  new  board  of  managers  of 
the  lUireau  of  Geolog>'  and  Mines.  On  June  14th,  the  follow- 
ing gentlemen  were  elected  as  officers  of  the  board  :  Prof.  E.  M. 
Shepard.  Springfield,  Mo.,  vice-president;  Dr.  E.  B.  Craighead, 
secretary ;  Col.  H.  H.  Gregg,  Joplin.  Mo.,  and  Dr.  W.  S.  Allee, 
( )lean,  Mo.  The  Legislature  ord^ed  the  removal  of  the  sur^'ey 
headquarters  to  the  School  of  Mines  at  Rolla.  The  state  geol- 
ogist will  soon  l)e  appointed. 

Doctor  R.  A.  Daly  has  resigned  his  position  as  instructor 
in  physiography  at  Harvard  University,  to  accept  a  position 
on  the  ( Geological  Survey  of  Canada.  The  work  to  which  he 
has  been  assigned  is  the  survey  of  a  belt  of  country  immediately 
adjoining  the  international  l)oundar\',  on  the  Canadian  side, 
and  extending  across  the  continent.  The  start  was  made  about 
July  /th,  near  the  foot  of  Mt.  Baker,  and  Dr.  Daly  w-ill  keep 
pace  with  the  party  which  is  making  a  re-survey  of  the  bound- 
ary. On  account  of  this  call,  the  expedition  planned  for 
(irecnland  and  l^affin  I^nd  had  to  be  abandoned,  although  ar- 
rangements down  to  the  last  detail  had  been  made  for  it. 

.MoiNT  M(  KiNLKv.  Mr.  Robert  Mtddrow,  in  thtXational 
(iCoji^raf>hic  Magacinc  for  August,  gives  an  account  of  the  high- 
est mountain  in  North  America,  20,464  feet.  It  is  in  Alaska, 
situated  at  the  headwaters  of  the  Sushitna  and  Ktiskokwnm  riv- 
ers. The  range  is  a  |X)rtion  of  the  Cordilleran  system  of 
North  America.  The  mountain  group  is  extremely  rugged. 
and  is  covercvl  with  snow  and  ice  to  within  2,000  or  2.500  feet 
of  tlic  sea  level,  giving  source  to  numerous  glaciers.  This 
mountain  was  first  named  and  described  in  print  by  Mr.  W.  A. 
Dickey.  Mr.  Muldrow  in  1898  made  triangulation  measure- 
ments from  six  different  points.  The  average,  for  altitude,  is  as 
i^iven  above,  and  the  latitude  is  63*  5'  north,  the  longitude  be- 
ing 151'  west. 
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THE   BASIC   ROCKS   OF   NORTHEASTERN    MARY- 
LAND, AND  THEIR    RELATION   TO 

THE   GRANITE.  y 

Arthur  Gkat  Lbonakd,  Des  Moinca.  Iowa. 
PLATES  XV-XIX. 

INTRODUCTION.* 

This  paper  contains  the  results  of  the  study  of  a  limited  area 
of  igneous  rocks  in  which  are  found  a  number  of  different  types 
ranging  all  the  way  from  acid  to  ultra-basic.  It  is  intended  to 
show  that  these  types  are  intimately  associated  in  their  geologi- 
cal occurrence  and  closely  related  in  composition ;  that  many  of 
the  types  graduate  into  otliers  by  intermediate  varieties,  and 
that  they  probably  represent  facies  of  one  original  magma. 

The  study  of  these  eruptive  rocks  was  suggested  by  the 
late  professor  G.  H.  Williams,  and  the  field  work  was  com- 
menced and  carried  on  during  the  greater  part  of  the  month  of 
June,  1893.  At  the  same  time  the  investigation  of  the  granites 
lying  just  to  the  south  was  taken  up  by  G.  P.  Grimsley  and  the 
results  of  his  studies  have  already  been  published. f  Accom- 
panying his  paper  is  a  map,  on  which  are  represented  not 
only  the  granites,  but  also  the  basic  rocks  lying  to  the 
north.  The  data  concerning  the  distribution  of  the  latter 
were  furnished  by  the  present  writer  and  represent  the  views 

•The  writer  is  under  special  obligation  to  Dr.  H.  F.  Reld,  of  the  Johna 
Hopkins  University,  for  tne  photomicrographs  in  tnls  paner,  which  were 
maoe  in  the  geologlral  laboratory  of  the  rnlversity.  lie  Is  also  much  Indebted 
to  professor  W.  B.  Clark  and  I>r.  K.  B.  Mathews,  of  the  same  lulversity,  for 
helpful  suggestions  and   for  assistance  rendered   in   many   ways. 

tThe  granites  of  Cecil  county  In  northeastern  Maryland.  Jour.  Cincinnati 
Soc.  Nat.  Hist.,  Vol.  17,  pp.  oil-fiT  :   78-114.     Cincinnati.   1894. 
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ROCK  TYPES. 

Lncnttan  and  hxtcnt.  The  area  of  ha^ic  mcks  treated  in  this 
\t:\\t*'r  ii'-.  .vitliin  ffu:  hrlt  of  ancient  cnistallines  which  exteii«i 
:\\'t\\\f  \\\i-  '-pj-t^-rn  flank  of  the  Appalachian  mountains,  l«>r:ning 
wli;if  i^  known  as  the  Piedmont  plateau.  The  formations  which 
iotiijio»-.r-  thi'  Pi«:rImont  ref^ion  are  generally  considereti  as  pr^ 
^  ;imhri;in  and  are  therefore  Archean  and  Algonkian  in  age. 
I  h<  V  'in-  ^rparatecl  from  the  crjast  by  the  unconsolidated  depos- 
its of  thi-  rv,astal  plain.  In  Maryland  the  cr>'stalline  region  is 
Hivisihlr  into  two  fx>rlions:  the  western  half  consists  of  untos- 
silifcpiiis  and  <')nly  slipj^^htly  metamorphosed  rocks  which  are  of 
iindoiihicd  st-diinrntary  orij^in  ;  in  the  eastern  division  the  rocks 
an-  wIkiIIv  crystalline  and  show  little  or  no  certain  evidence  of 
f  la  stir  orij-fin  cxrrpt  in  such  infolded  masses  as  the  Deer  Creek 
rjiiartzytrs  anrl  I 'each  I'ottom  slates.  In  this  eastern  portion  of 
tlir  I'irdiiiniii  Ix-It  the  nxrks  are  chiefly  gneisses,  schists  and 
Miarhir,  thn)!i).,dj  which  have  broken  eniptive  masses  of  granite 
dior\t<',  J^^'ll)l^^o,  pyroxenytc  and  pcridotyte.  It  is  with  one  of 
thrs<-  areas  of  onijuive  rocks  that  this  paper  deals. 

I  lu-  HK'ks  under  discussion  form  a  long,  narrow  belt  ex- 
teiidinj^^  in  a  j^^eneral  southwesterly  direction  from  a  point  in 
(Veil  ronnty  eleven  niilos  west  of  the  Delaware  line,  through 
Ilarford  and  into  liaUimore  county,  to  a  jXMnt  fifteen  mile? 
iinrthiaNt  of  llaltinj'^re.  It  has  a  length  of  about  thirty-fi^e 
miles  and  a  wi<hli  varying  from  two  to  three  miles.  The  ?u>- 
ipielianna  has  cut  its  channel  across  this  mass  of  igiiei.^u>  rock?. 
dnidiiiLT  it  into  two  j)arts.  This  paper  treats  especially  -i^i  rhs: 
pnrtion  Iviiip  to  the  east  of  the  river,  in  Cecil  count  v.  embrac:^^ 
an  area  (»f  approximately  twenty-two  square  miles.     The  'yr^.^ 
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herein  described  are  representative  of  those  occurring  through- 
out the  entire  belt  and  possess  a  special  interest  on  account  of 
the  close  association  of  the  basic  eniptives  with  the  granites 
which  border  them  on  the  south. 

In  addition  to  the  larger  mass  there  are  three  smaller  ones. 
The  "Stony  Forest"  area  is  the  most  extensive  of  these  and  is 
situated  in  Harford  county,  between  five  and  six  miles  east  of 
Bel  Air.  It  has  a  length  north  and  south  of  five  miles  and 
width  of  about  three  miles.  Of  the  other  two,  which  are  not  as 
large,  one  lies  just  north  of  Calvert  (Brick  Meeting  House), 
extending  a  short  distance  into  Pennsylvania,  and  the  other 
about  one-half  mile  northeast  of  Elkton,  near  the  eastern  border 
of  the  state.  The  latter,  as  shown  by  Chester,  is  a  western  pro- 
longation of  a  larger  area  in  Delaware. 

AREAL   DISTRIBUTION   AND   GENERAL   DESCRIP- 
TION OF  ROCK  TYPES. 

The  rocks  embrace  many  different  types  distributed  in  a 
series  of  zones  trending  northeast-southwest.  They  include 
quartz-mica-homblende-dioryte,  quartz-dioryte,  noryte,  gabbro, 
pyroxenyte,  peridotyte,  serpentine  and  diabase.  Occurring 
along  the  southern  margin  of  the  area  next  the  granites  are  the 
quartz-mica-hornblende-diorytes,  or  tonalytes.  Passing  north- 
ward these  are  in  general  succeeded  by  coarse-grained  horn- 
blende-diorytes,  which  commonly  carry  considerable  quartz  in 
good  sized  grains.  These  hornblendic  rocks  are  in  turn  fol- 
lowed by  norytes  and  gabbros,  which  are  bordered  on  the  north 
by  the  serpentine  mass.  The  latter  lies  along  the  edge  of  the 
area  and  extends  across  the  line  into  Pennsylvania.  Coarse 
pyroxenytes  are  found  along  the  boundary  between  the  noryte 
and  serpentine  and  both  non-feldspathic  types  occur  in  dykes 
within  the  gabbro  and  noryte.     (See  map,  plate  xv.) 

It  is  not  possible  to  draw  any  sharp  line  of  separation  be- 
tween the  granite  and  tonalyte,  for  these  are  connected  by  in- 
termediate types  and  thus  graduate  the  one  into  the  other.  The 
tonalyte  varies  considerably  in  appearance  according  to  the  fine- 
ness or  coarseness  of  the  grain  and  the  relative  proportion  of 
the  light  and  dark  constituents.  As  a  rule  it  is  a  medium 
coarse-grained,  granular  rock  of  a  grayish  color.  Dark  patches 
or  segregations  of  finer  grained  material  rich  in  biotyte  fre- 
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cjiiently  occur  in  these  tonalytes  as  well  as  in  the  granites. 
The  fonner  is  composed  of  lime-soda  feldspar,  quartz,  horn- 
blende, biotite  and  a  little  orthoclase.  Magnetite,  apatite,  zir- 
con, sphene  (titanite)  and  garnets  are  present  as  accessory 
constituents,  and  more  or  less  secondary^  epidote  is  almost  al- 
ways found. 

The  hornblende-dior}te  is  a  common  type  throughout  Ae 
area.     It  is  a  coarse-grained  aggregate  in  which  striated  fdd- 
spar  and  black,  compact  hornblende  can  be  readily  distinguished 
with  the  unaided  eye.     More  or  less  quartz  is  usually  presoa 
and  not  uncommonly  a  little  accessory  biotite.      On  a  fresh  sur- 
face  the  rock  has  a  mottled  appearance  due  to  the  white  feld- 
spar standing  out  against  the  dark  hornblende.     But  when  it 
has  been  much  weathered  the  surface  becomes  much  pitted  on 
account  of  the  removal  of  the  plagioclase.     When  quartz  forms 
one  of  the  constituents  the  other  minerals    weather  out  and 
leaye  the  former  projecting,  giving  the  rock  a  rough  exterior 
which   is  highly  characteristic    of    the    quart z-dioryte.    The 
abundance  of  blue  quartz  is  a  noticeable  feature  of  this  type. 
It  is  commonly  in  good  sized  grains  ranging*  from  one-eighth 
to  one-sixteenth  of  an  inch  (one  and  a  half  to  three  millimeters) 
in  diameter.     With  an  increase  in  the  amount  of  biotite  this 
rock  passes  over  into  tonalyte. 

The  most  abundant  rock  type  in  the  whole  area  is  probably 
the  noryte,  with  which  the  gabbro  is  closely  associated.  The 
constituents  of  the  fonner  rock  that  are  readilv  distinguishable 
are  a  greenisli  black  or  reddish  brown  hypersthene,  often  with  a 
l)r(>nzy,  metallic  luster,  and  fresh  striated  feldspar.  In  addi- 
tion a  little  secondary  diallage  is  usually  present.  The  nontc 
is  a  medium  coarse-grained,  granular  rock,  often  with  a 
crunil)ly  appearance  due  to  its  loose  texture.  It  varies  in  color 
from  gray  to  almost  black,  but  the  light  colored  varieties  are 
the  more  i)rf  yalent.  A  noticeable  peculiarity  of  this  type  is  the 
(lcveloj)nieiit  of  green  hornblende  along  certain  planes  wliere 
tlure  has  probably  been  more  or  less  stress.  These  green 
l)aii(ls,  wliicli  have  a  width  of  several  millimeters,  ustiallv  stand 
•  Jilt  conspiciiniisly  on  a  weathered  surface.  In  this  region  the 
noryics  are  more  ainmdant  and  important  than  the  gabbro?. 
'Hk'v  (lifYcr  from  most  of  the  other  types  of  the  area  in  beinj^r 
a>  a  rule  reinarka])l\-  fresh  and  tmaltered.     One  specimen  each 
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of  quartz  non^te  and  olivine  noryte  was  collected  but  these 
varieties  are  rarely  found.  Still  n:>ore  interesting  is  the  oc- 
currence of  a  saussurite  noryte  in  which  the  feldspar  is  com- 
pletely altered  to  zoisite  and  the  hypersthene  partially  changed 
to  fibrous  hornblende.  A  porphyritic  variety  with  large  phen- 
ocr\'sts  of  diallage  occurs  at  the  Mount  Hope  church.  With  an 
increase  in  the  amount  of  diallage  the  noryte  passes  over  into 
hypersthene-gabbro.  While  this  rock  is  in  general  more  com- 
pact and  somewhat  darker  in  color  than  those  just  described, 
it  often  bears  a  close  resemblance  to  them.  The  diallage  is 
seldom  more  abundant  than  the  orthorhombic  pyroxene  and  the 
latter  is  always  present  in  large  amount. 

If  compared  with  the  diorytes  occurring  along  the  southern 
border  of  the  area,  the  hypersthene-gabbros,  as  well  as  the 
Yiorytes,  are  seen  to  be  noticeably  finer  in  grain.  Where  the 
gabbro  outcrops  at  some  points,  notably  along  Octoraro  creek 
and  on  the  Susquehanna,  it  is  seen  to  have  been  considerably 
altered  and  bears  slight  resemblance  to  the  original  rock.  The 
plagioclase  is  no  longer  bright  and  transparent,  but  is  changed 
to  a  dull,  opaque  saussurite,  while  the  pyroxene  has  also  altered 
into  a  greenish,  fibrous  hornblende.  The  resulting  rock,  which 
is  a  typical  saussurite  gabbro,  has  a  light  greenish  color  and  a 
mottled  appearance  due  to  the  white  and  green  minerals  com- 
posing it.  Olivine  gabbro  is  of  rare  occurrence  in  this  region, 
only  a  few  specimens  being  found. 

By  the  alteration  of  the  pyroxene  to  secondary  hornblende 
the  hypersthene-gabbro  has  in  sonic  cases  been  changed  into 
gabbro-dioryte  or  metagabbro.  But  this  nictamorphic  process 
does  not  appear  to  have  gone  on  very  extensively  and  these 
secondary  diorytes  are  comparatively  rare. 

Numerous  diabase  boulders  were  observed  just  cast  of  Ris- 
ing Sun,  and  at  various  points  near  the  railroad  between  that 
locality  and  the  state  line.  These  arc  doubtless  derived  from 
the  trap  dike  traced  by  H.  C.  Lewis  through  southeastern 
Pennsylvania  to  the  Maryland  boundary,  which  it  crossed  not 
far  from  Sylmar  station.*  The  rock  is  very  fine-grained  and 
compact. 

Pyroxenytes  and  peridotytes  occur  in  dikes  and  lens-shaped 
masses  in  the  noryte  and  gabbro.     The  former  is  also  abundant 

•American  rhilosophlcal  Society,  May  l.j,  18S5,   10  pp. 
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along  the  serpentine  border,  where  it- appears  to  be  a  ba^k 
facics  of  the  noryte,  into  which  it  merges   by   intermciiir.t 
varieties.    This  non-feldspathic  type  is  a  coarse-grained  as^t- 
gate  in  which  the  constituents  can  readily  be  distingri'shcl. 
they  are  a  reddish  brown  hypersthene  with  which  is  assix^ate^i 
a  greater  or  less  amount  of  greenish  diallage.     These  pure  py- 
roxene rocks  are  found  in  the  vicinity  of  Oakivood,  along  :he 
state  line  north  of  Rising  Sun  and  at  several  other  localities. 

The  peridotytes  are  likewise  coarse-g^rained  and  frequently 
have  a  porphyritic  structure.  They  contain  oli\'ine  in  addition 
to  the  pyroxenes.  The  largest  mass  is  near  the  Mount  H'>pe 
church,  one  mile  and  a  half  northeast  of  Rising*  Sun,  where  the 
r(Kk  has  the  peculiar  mottled  appearance  known  as  poikilitic, 
due  to  the  dissemination  of  small  g^ins  of  greenish  olivine 
through  large  individuals  of  pyroxene.  When  the  light  is  re- 
flected from  a  cleavage  surface  these  grains  form  dull  spot?. 
Other  localities  for  these  olivine  rocks  are  at  the  Oak  Grove 
schoolhouse,  two  miles  northwest  of  Rising*  Sun ;  along  LK:- 
toraro  creek  above  the  paper  mill,  and  beside  the  railroad  just 
south  of  Conowingo. 

The  serpentine  borders  the  nor>'te-gabbro  mass  on  the 
north.  It  is  known  as  the  "State  Line  serpentine"  on  account 
of  its  occurrence  along  the  boundary  between  ^laryland  and 
Pennsylvania.  The  greater  portion  of  the  mass  lies  across  the 
line  in  Chester  county.  The  southern  margin  coincides  ap- 
])r(^xiniately  with  the  line  as  far  west  as  Octoraro  creek,  wliere 
it  IxMids  to  the  south  and  enters  Cecil  county.  The  area  has  a 
length  cast  of  the  Susquehanna  river  of  seventeen  miles  and 
an  average  width  of  one  mile.  Between  Conowingo  creek  and 
the  river  there  is  another  small  mass  of  serpentine  which  ex- 
tends across  from  Lancaster  county,  Pennsylvania.  The  region 
over  which  this  rock  outcrops  presents  an  uninviting  and  deso- 
late apcparance,  making  very  appropriate  the  term  "barrens," 
which  is  often  applied  to  it. 

PETRCXiRAPHICAL  DESCRIPTION  OF  ROCK  TYPES. 

DIORYTE. 

^riie  diorytes  are  confined  to  the  southern  etlge  of  the  area 
where  they  form  a  belt  varying  from  one  to  one  and  a  half 
miles  in  width,  the  widest  portion  being  near  the  eastern  end. 
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They  are  found  best  developed  in  Cecil  county,  where  they  lie      • 
between  the  granites  on  the  south  and  the  gabbros  and  norytes 
on  the  north.     While  the  diorytes  are  found  west  of  the  Sus- 
quehanna river  in  Harford  county,  they  do  not  there  form  so 
well  defined  a  zone  bordering  the  main  eruptive  mass. 

It  is  not  possible  to  draw  any  sharp  line  of  separation  be- 
tween the  granite  ^d  dioryte.  On  the  south  this  rock  passes 
by  intermediate  types  into  the  biotite-granite  of  the  Rowlands- 
ville  area,  which,  as  will  be  shown  later,  has  very  much  the 
composition  of  a  dior}'te.  Along  the  northern  border  the 
dior\'tes  are  intimately  associated  with  the  gabbros  and  nor\'tes, 
but  the  transition  from  one  to  the  other  is  not  well  marked,  as 
in  the  case  of  the  granites,  and  intermediate  types  between 
the  pyroxene  and  hornblende  rocks  are  rare. 

Two  varieties  of  dioryte  are  present  in  the  area,  namely,  a 
quartz-dior}^te  and  a  quartz-mica-hornblende-dioryte.  The  for- 
mer is  confined  for  the  most  part  to  the  northern  portion  of  the 
<lior>  te  belt,  next  to  the  norytes ;  the  latter  is  found  mostly  in 
the  southern  portion  where  it  passes  into  the  biotite-granite. 
For  the  purpose  of  description  it  will  be  convenient  to  consider 
these  separately,  taking  up  first  the  most  acid  variety. 

Quartz-inica-hombJcnde'dioryte,  This  rock  is  found  at 
many  points  between  Rising  Sun  and  the  Susquehanna;  it  is 
abundant  along  Stone  run,  extending  south  of  that  stream  as 
far  as  the  Harrisville  road :  large  boulders  of  it  are  numerous 
at  the  foundry,  and  at  Harrisville,  and  outcrops  occur  at  the 
junction  of  Stone  run  and  Octoraro  creek,  at  Porter  Bridge, 
and  along  the  road  leading  westward  from  the  bridge  to  the 
Rowlandsville  road.  Across  the  Susquehanna  river  in  Har- 
ford county  good  localities  for  this  rock  are  near  Darlington 
and  one  mile  east  of  Thomas  Run  1*.  O.,  on  the  south  side 
of  Deer  creek. 

This  dioryte  varies  considerably  in  appearance  according 
to  the  fineness  or  coarseness  of  the  grain  and  the  relative  pro- 
portions of  the  light  and  dark  constituents.  As  a  rule  it  is  a 
medium  coarse-grained,  granular  rock  of  a  grayish  color,  such 
as  that  occurring  south  of  Stone  run.  It  is  very  granitic  in  ap- 
pearance and  might  easily  be  mistaken  at  first  sight  for  a  horn- 
blende-granite. The  dioryte  of  the  Porter  liridge  region  is 
darker  in  color,  often  fine-grained,  and  the  hornblende  usually 
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occurs  in  gcxxl  sized  allotriomorphic  individuals  which  oc- 
casionally reach  a  length  of  over  one-quarter  of  an  inch  (six 
millimeters).  This  tendency  toward  the  development  of  a  por- 
phyritic  structure  is  quite  marked  in  some  cases. 

Dark  patches  or  segregations  of  finer  grained  material  rich 
in  biotite  frequently  occur  in  these  rocks.  No  evidence  was 
found  for  considering  them  as  inclusions  rather  than  segrega- 
tions. As  already  stated,  the  dioryte  varies  considerably  in 
grain  within  short  distances  and  these  dark  patches  appear  to 
be  merely  accumulations  of  such  fine  grained  material.  These 
segregations,  which  are  also  found  in  the  Rowlandsville  gran- 
ite, do  not  increase  in  size  or  number  as  the  diorite  mass  is  ap- 
proached. They  will  be  considered  more  at  length  in  another 
place. 

The  mineral  constituents  of  this  dioryte  which  can  readily 
be  distinguished  are  hornblende,  biotite,  plagioclase,  quartz, 
and  a  little  orthoclase.  Some  accessory  magnetite  and  apatite 
is  usually  present,  together  with  a  little  zircon  and  sphene 
(titanite).  Garnets  are  not  uncommon  and  epidote  and  chlorite 
occur  as  secondary  minerals.  Mineralogically  'these  dior\'tes 
containing  biotite  and  quartz  may.be  classed  as  tonalytes,  though 
they  contain  a  relatively  larger  proportion  of  the  ferro-magnes- 
ian  constituents  than  the  typical  tonalyte  from  Adamello,  de- 
scribed by  voni  Rath,*  and  are  poorer  in  silica.  Through  a 
decrease  in  the  hornblende  and  a  corresponding  increase  in  the 
biotite  they  pass  into  the  biotite-granite  or  niica-dioryte  and  by 
a  loss  of  biotite  and  corresponding  increase  of  hornblende  they 
graduate  into  the  cjuartz-dioryte.  Such  transition  types  are  of 
common  (xxurrencc. 

The  feldspar  of  these  quartz-mica-hornblende-diorj'tes  is 
mostly  acid  labradorite,  though  some  orthoclase  is  also  present. 
Stauroscopic  measurements  on  cleavage  pieces  gave  — 5"  to 
— 6°  on  oP  (001 )  and  — 15"  to  — 17  on  oc  P  x  (010).  With  the 
loss  of  the  hornblende  and  increase  in  the  amount  of  feldspar 
and  quartz  the  plaf;"ioclase  grows  more  acid  and  in  the  biotite- 
granite  (mica-(lioryte)  it  was  found  to  be  oligoclase.  The 
feldspar  is  usually  finely  striated,  due  to  repeated  twinning  ac- 
cording to  albite  law\  Occasionally  one  set  of  striations  is 
crossed  by  another  nearly  at  n^ht  angles,  indicating  the  pres- 
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ence  of  twinning  according  to  both  the  albite  and  pericline  laws. 
Zonal  structure  is  frequently  found  but  is  more  or  less  ob- 
scured by  the  alteration  which  has  taken  place  in  the  feldspar. 
The  plagioclase  is  quite  free  from  inclusions  and  differs  in  this 
respect  from  that  of  the  gabbros  and  norytes. 

The  alteration  of  the  feldspar  to  epidote  has  gone  on  very 
extensively.  All  stages  of  this  progress  of  epidotization  were 
observed  from  that  in  which  the  change  has  only  just  com- 
menced to  that  in  which  the  epidote  has  almost  replaced  the 
original  mineral.  At  first  the  plagioclase  contains  only  small 
scattered  crystals  and  the  twinning  lamellae  are  still  evident. 
As  the  alteration  progresses  the  epidote  crystals  become  more 
numerous  and  crowded  together;  larger  individuals  also  ap- 
pear, often  with  no  regular  crystal  outline.  The  feldspars  in 
the  sections  now  appear  opaque  on  account  of  the  accumula- 
tion of  minute,  closely  compacted  crystals  which  fill  them  and 
prevent  the  light  from  passing  through.  The  hand  specimens 
show  that  the  feldspars  have  lost  their  glassy  appearance  and 
become  dull  and  white.  The  crystals  of  epidote  have  no  defi- 
nite arrangement,  but  are  distributed  in  an  irregular  manner 
through  the  host.  In  most  instances  the  outer  edge  of  the 
crystal  is  free  from  epidote,  the  latter  being  confined  to  the 
inner  portions  of  the  feldspar  individuals. 

The  hornblende,  which  is  compact  and  green,  is,  next  to  the 
feldspar,  the  most  abundant  constituent.  It  seldom  occurs  in 
well  defined  crystals,  but  is  usually  in  imperfectly  developed  in- 
dividuals or  confused  aggregates.  Occasionally,  as  in  some 
of  the  diorytes  near  Porter  Bridge,  the  prismatic  faces  are  well 
developed  and  give  rise  to  columnar  forms  which  on  weather- 
ing stancf  out  upon  the  surface.  Twins  arc  not  uncommon^ 
the  twinning  plane  being  the  orthopinacoid.  One  basal  section 
of  such  a  twin  showed  several  twinning  lamellae  intercallated 
between  the  two  larger  halves. 

The  pleochroism  is  very  pronounced  and  does  not  differ 
from  that  usually  found  in  hornblende. 

Quart c  is  an  abundant  constituent  of  most  of  the  diorytes.  It 
is  commonly  in  gcxxl  sized  grains  readily  distinguishable  in  the 
hand  sp)ecimens  and  usually  of  a  beautiful  blue  color.  The 
larger  individuals  not  infrecjuently  show  shattered  borders  due 
to  mechanical  deformation,  and  this  granulation  may  effect  the 
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entire  ^rain,  which  is  broken  into  pieces.  These  unite  ro  f:m 
a  mr^saic  of  interkxkin^  fragments  which  still  preserve  ±e  -c:- 
linc  of  the  original  grains.  The  quartz  is  tilled  with  nuiner.ui 
verv  minute  fluid  inclusions.  Occastonallv  it  contains  in  adS 
tion  many  fine  neetlles.  pro?>abIy  of  rutile.  but  they  are  :>: 
small  for  the  satisfactorv*  determination  of  their  character. 

Hwiite  ^KTcurs  in  plates  or  lamella  without  crystal  b<3un<!- 
arios.  It  is  very  strongly  pleochroic,  the  rays  parallel  to  the 
cleavage  fb  anrl  c)  Inking  dark  brown,  and  those  at  right 
angles  (o)  light  yellow.  Inclusions  of  apatite,  epidote  and 
magnetite  are  common  in  the  biotite. 

As  accessf>ry  constituents  magnetite  and  apatite  are  almost 
always  present,  and  titanite  occurs  occasionally.  The  epidote  is 
never  absent  from  these  dior\tes  and  though  it  may  in  some 
instances  be  primary  it  is  usually  a  secondary  product  devel- 
oped during  the  alteration  of  the  feldspar.  It  commonly  oc- 
curs in  well  defined  crystals,  irregtilar  grains  or  compact  aggre- 
gates. 

i)\n\riz-dwrytc.  As  already  stated  the  quartz-diorytes  oc- 
cur cliielly  along  the  northern  lx)rder  of  the  dioryte  belt  next 
the  norytes  and  gabbros.  As  one  passes  north  across  the  area 
the  dioritic  nK'ks  are  seen  to  grow  darker  in  color,  and  there  is 
a  decrease  in  the  amount  of  biotite  accompanied  by  a  corre- 
sponding increase  in  the  hornblende.  The  quartz-dioryte  and 
the  tnnalyte  are  thus  connected  by  intermediate  types  and  grad- 
uate into  each  other.  ])y  a  decrease  in  the  amount  of  quartz 
this  rcH'k  passes  into  a  true  hornblende-dioryte. 

Among  the  many  kx^alities  where  the  quartz-dioryte  occurs 
th(*  followinir  may  be  mentioned;  north  of  Rising"  Sun  along 
Stone  nm  :  at  MoKinsey's  mill  on  the  same  stream,  where  it 
outcrops  near  the  bridge,  and  along  the  Susquehanna  one  mile 
below  C'onowingo.  In  Harford  county  it  is  found  one  half 
mile  south  y^\  l»el  Air,  along  Deer  creek,  one  and  half  miles 
southwest  of  Parlington  and  at  mmierous  other  points. 

Tho  (luart/.-diorytes  have  a  medium  coarse-grained  texture 
and  are  dark,  almost  black,  in  color.  On  a  fresh  surface  ihey 
have  a  int>tiled  a})pearance  due  to  the  black  hornblende  stand- 
itis;-  out  atrainst  the  white  feldspar  and  quartz.  The  minerals 
ct>inposini:  tiie  (juartz-dioryte  are  plagioclase,  quartz,  hom- 
Meude.  and  occa.sionallv  a  little  accessorv  biotite.     C^thc-r  ac- 
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cessory  constituents  shown  under  the  microscope  are  magnetite 
and  apatite  together  with  a  little  titanite  (sphene)  and  zircon. 
Epidote  and  chlorite  are  common  secondary  minerals. 

The  feldspar  is  acid  bytownite.  Stauroscopic  measure- 
ments showed  extinction  angles  on  oP  (001)  of  — 18"  to  — 20* 
and  on  the  oc  P  oc  (010)  of  — 30".  The  specific  gravity  as  de- 
termined by  means  of  the  Thoulet  solution  was  in  one  specimen 
2.71,  in  another  2.y2. 

Quartz  is  occasionally  present  in  small  amount  and  cannot 
be  detected  without  the  aid  of  the  microscope.  The  rock  thus 
passes  into  a  true  hornblende-dioryte  with  a  little  accessory 
qttartz,  and  this  type  is  ver>'  basic  in  composition  as  shown  by 
the  accompanying  analysis.  As  a  rule,  hovvever,  the  quartz 
occurs  in  good  sized  grains  and  is  blue  in  color,  resembling  in 
all  respects  that  found  in  the  tonal vtes.  The  hornblende  does 
not  differ  from  that  already  described  under  the  quartz-mica- 
homblende-diorvtes. 

Metamorphic  changes.  The  diorytes  have  undergone  con- 
siderable alteration  through  the  extensive  epidotization  of  their 
feldspar.  The  various  stages  in  this  process  can  be  traced 
from  where  there  are  only  scattered  crystals  of  epidote  and  the 
plagioclase  is  still  clear  and  bright  to  where,  as  an  opaque  white 
mass,  it  is  almost  wholly  replaced  by  a  compact  aggregate  of 
separate  epidote  individuals.  In  no  instance  was  complete  re- 
placement observed  to  have  taken  place,  although  often  only 
slight  traces  of  the  original  feldspar  remain.  This  is  genetical- 
ly the  same  process  as  the  saussuritization  of  the  feldspar  that 
has  gone  on  so  extensively  in  the  gabbros  and  has  resulted  in 
the  replacement  of  that  mineral  by  zoisite.  In  the  latter  case  no 
iron  is  required,  while  in  the  formation  of  epidote  this  element 
is  necessary.  It  is  doubtless  derived  from  the  hornblende,  or 
in  case  of  the  dior\'te  containing  biotite  some  of  the  iron  may 
be  supplied  from  the  latter  source. 

The  following  ver>^  complete  analyses  of  both  varieties  of 
the  dioryte  were  made  bv  Mr.  W.  F.  Hillebrand  of  the  United 
States  Geological  Survey.  I  is  an  analysis  of  a  typical  quartz- 
mica-homblende-diorv'te  from  near  the  foundry  on  Stone  run. 
This  rock,  which  is  quite  granitic  in  texture  and  appearance,  is 
composed  of  labradorite,  quartz,  hornblende  and  biotite,  togeth- 
er with  a  little  magnetite,  apatite,  titanite  (sphene)  and  ortho- 
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;  1 1 1  / 1  : 1 1  ;i  I :  J '  r .'  r  I .  "i'wi":  rtT'-  rf:2j  \\\-:  -etn  '.v :  th  die  iraai^iei  eye  t-"' 
',#•  oti.Tjovf-rj  ,f  ;t  ■  It^ar.  :r:a»**«-  :V:< iioar  anf i  a  re'l-iish-brown  or 
'i-'ir;  .; .  p^T-thrnr'vhir.h  rray  -jT  may  not  possess  a  hronz}*  iu?tTt. 
Ill  irUiiiif^iH  Nj  Mirsr  ••^^f=rntiai  ton^titiient;  die  njck  is  shown  by 
:lir-  -iiu  fAfofiir  ^'^j  r.ntam  a  !itt!e  accessory-  diallag^e.  together 
viTli  !ii;L;^n<-tirr.  apatirt:  and  -ecomlarrr-  hornblende.  The  mag- 
nrtiii-  ;.  '',•:  no  ir*r-an-i  ahnnrlant  and  is  often  absent  from  ibc 

I  iir  irlfj^f^athir  «:fin5-.titutnt  is  bytciimite  which  was  found 
to  !h*  licHitlv  mon-  l»asi(:  than  that  of  the  diorj-tes.  It  gave  ex- 
titK  11* ill  ;tiu,d<-:.  a-^  lii^h  as  — 22  on  oP(ooi  )and  — ^31"  on  x  P  z 
loioj  fli*:  sjjccific  j^ravity  as  fletermined  by  the  Thoulet  so- 
liiii'.M  w.r.  J. 7 1-,  riiis  mineral  seldom  exhibits  cr>'stal  outlines 
1)111  (iijiir.  in  roimflcfl  or  irrcj^njlar  grains.  As  in  the  dior}'tc< 
ihr  irld  .j)ar  is  i'oniinf»nIy  linely  striated,  though  in  some  cases 
ilir  .r  twiinnnLC  lainclhe  are  wanting.  Abundant  inclusions,  like 
ilM»'.r  .<!  •harrictcristic  of  the  plagioclase  of  the  gabbros,  are 
iiMi.'ill',    I'nnnd. 

Ihr  /'vnM'<';;<'  is  rt!])resented  almost  wholly  by  the  onb> 
ilMPinhic  v.irirtx.  IiypeTsthene.     This  occurs  in  grains  that  are 
iii(.i«"  iM-  Irs-.  ronndtMl  and  often  elongated  in  the  direction  ■": 
Mm  \rrii(;il(  ('  )a\is.    The  most  striking  characteristic  of  thiso'"^:!- 
iiiii-ni   i.  its  niarktMl  and  often  brilhant  trichroism.     The  ra^ 
\  il»!.iiin:,  i)arallrl  t«»  tlio  hrachydiagonal  axis  (a  ray"^  is  retidi?!-. 
I>i'\\ii  .  tli.it  I'.'irallrl  i<>  the  macrmliagonal  axis  f  b  ray)  is  licr* 
;'»' «  ni  .!•  \.I1..\\  :  wliilr  tlie  t>ne  vibrating  parallel  to  the  verrr.rx 
I  ^ :     I  «  :.i\  I  1 '  j^rrrn.      TluTO  is  a  well  developed  cleava^r  ro.*- 
.u\y  !  ;..  ii:r  unit  prisni.  and  in  addition  distinct  partings  ran."-:- 
I  '  Ml.    ni  i«  i.»pm,K".  ill  and  i>rachypinacoid.     These  sho'-v  ">.-':'- 
.  1'.  <     :;i  Im-.i!  ^I'liiiviiv  as  \\\o  sots  of  cracks  at  rich:  ar;^-:?  " 
'  ^>  ■    -'iJ'.:   .M'.vj   ii.rinini:'  ani^los  of  45*"  with  the  cleavxcr  ^-:>-- 
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Sections  in  prism  zone  showed  an  extinction  parallel  to  these 
lines. 

Pieces  cut  parallel  to  the  macropinacoid  give  in  converged 
polarized  light  two  optic  axes  and  a  bisectrix  in  the  field,  show- 
ing that  the  brachydiagonal  axis  is  the  acute  bisectrix  and  that 
the  mineral  is  positive.  These  optical  properties  establish  the 
fact  that  this  is  hypersthene  and  not  enstatite,  bronzite  or 
diallage.    The  specific  gravity  is  3.50. 

The  inclusions,  to  which  the  hypersthene  owes  its  bronzy, 
metallic  lustre,  are  commonly  quite  abundant  but  may  be  entire- 
ly absent.  They  do  not  differ  from  those  so  often  described  as 
occurring  in  this  mineral. 

Diallage  is  usually  present  in  the  norytes  as  an  accessory 
constituent.  It  is  readily  distinguished  from  hypersthene  by 
its  lack  of  pleochroism.  It  occurs  better  crystallized  than  the 
latter  mineral,  being  found  in  irregular  grains  which  have  a 
green  color  in  transmitted  light.  In  a  specimen  from  near  the 
Mount  Hope  church  the  diallage  formed  large  porphyritic  crys- 
tals with  a  prismatic  habit,  imbedded  in  a  groundmass  of  hy- 
persthene and  feldspar.     The  specific  gravity  is  3.28. 

The  other  accessory  constituents  are  magnetite  and  apatite. 
The  former  is  not  always  present  and  is  usually  not  very  abund- 
ant. 

Metamorphic  changes  in  the  norytes.  For  the  most  part 
these  rocks  have  undergone  but  little  alteration.  The  most 
noticeable  change  is  the  one  already  mentioned,  namely,  the 
transformation  along  certain  planes  of  the  pyroxene  into  horn- 
blende. In  the  hand  specimen  these  planes  appear  as  narrow 
green  bands  or  lines  traversing  the  rock  in  various  directions, 
often  parallel,  and  when  examined  under  the  microscope  they 
are  seen  to  have  been  formed  by  the  alteration  of  the  original 
constituents.  The  lines  cross  the  slide  from  one  side  to  the 
other,  cutting  across  many  individuals  both  of  the  pyroxene 
and  bytownite.  Along  these  zones  the  hypersthene  has  been 
changed  into  a  colorless,  or  light  green,  fibrous  hornblende.  A 
narrow  band  of  this  secondar}'  hornblende  frequently  passes 
through  several  hypersthene  individuals  which  are  elsewhere 
entirely  unaltered.  The  feldspar  is  also  transformed  along 
these  lines  into  a  greenish  mineral  resembling  chlorite.  Oc- 
casionally small  patches  of  zoisite  are  developed.     Where  these 
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f>lanes  have  cut  across  twinning  lamells  it  was  observed  thst 
no  displact-ment  of  these  had  taken  place  and  hence  there  codd 
have  l)een  no  shearing  or  slipping.  The  minerals  traversed  by 
the  planes  show  no  evidence  of  having  been  shattered.  The 
aheration  seems,  in  all  cases,  to  have  taken  place  along  certain 
filanes  of  stress  produced  by  dynamic  forces.  Along  these 
f)Ianes  the  rock  has  been  subjected  to  a  strain  whid 
has  resulted,  not  in  the  mechanical  deformation  of  the  constitu- 
ents, hut  in  the  change  of  their  mineralogical  character. 

In  the  same  rock  the  hypersthene  is  sometinies  surrotinded 
by  a  ckmble  rim  of  hornblende,  the  inner  portion  colorless,  the 
outer  green  and  more  compact. 

Another  metamorphic  change  in  the  noryte  is  the  alteration 
of  the  feldspar  into  saussurite.  In  the  study  of  these  saussuri- 
tized  rocks  it  is  usually  impossible  to  determine  whether  the 
original  type  was  a  gabbro  or  noryte,  since  all  the  pyroxene  has 
l)een  transformed  into  hornblende.  In  a  specimen  collected  00 
the  west  side  of  Octoraro  creek  just  south  of  the  "horseshoe 
bend"  remnants  of  the  hypersthene  still  remained  in  the  fibrous 
hornblende,  leaving  no  doubt  that  in  this  instance  at  least  the 
nnrk  was  a  noryte.  The  orthorhombic  pyroxene  had  lost  mtich 
of  its  color,  hut  was  yet  slightly  pleochroic  and  contained  the 
characteristic  tabular  inclusions.  The  feldspar  had  been  en- 
tirely rcplact^l  by  a  whitish  or  greenish,  opaque  substance  com- 
ix )scd  almost  wholly  of  zoisite.  In  thin  sections  this  mineral 
was  coK>rlcss,  with  a  rather  high  index  of  refraction  but  low 
double  refraction,  the  interference  colors  being  sometimes  dull 
gray,  more  often  a  beautiful  ultramarine  blue. 

While  it  is  not  an  uncommon  thing  for  the  gabbros  to  have 
their  feldspar  thus  altered  to  saussurite.  this  is,  so  far  as  known, 
the  first  instance  rejx>rteil  of  a  like  alteration  in  the  nor>"te?. 
\\*c  have  here  a  true  saussurite  nor>'te  composed  of  zoisite  and 
]>artially  uralitizinl  hyfKTsthene.  It  is  not  improbable  that  manr 
of  the  HK^ks  doscrilHMl  later  as  saussurite  gabbros  are  reaHv 
norvtcs. 

I'^ivo  varieties  oi  the  noryte  occur  within  the  area  under  crrj- 
sidcrati»>n.  luinicly : 

1.  X(>rytc. 

2.  lVr]^li\ritio  noryte. 
V     Ouartz-n(>rvte. 
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4.  Olivine-noryte. 

5.  Saussurite  noryte. 

The  first  named,  made  up  almost  wholly  of  hypersthene  and 
"bytownite,  is  by  far  the  most  common  type,  the  other  varieties 
beings  of  rare  occurrence. 

The  porphyritic  facies  was  found  near  the  Mount  Hope 
church  and  consisted  of  a  rather  fine-grained  groundmass  in 
•which  were  imbedded  large  phenocrysts  of  diallage. 

The  specimens  of  quartz-noryte  were  collected  from  a 
boulder  near  the  junction  of  Stone  run  and  Octoraro  creek.  It 
resembles  very  closely  the  quartz-noryte  found  at  Mount  Hope, 
near  Baltimore,  and  described  by  U.  S.  Grant.*  The  quartz 
appears  in  limpid,  colorless,  or  light  blue  grains,  sometimes 
^th  a  diameter  of  one-eighth  of  an  inch  (3  millimeters).  It  is 
filled  with  slender,  hair-like  needles,  probably  of  rutile,  though 
this  could  not  be  definitely  determined.  This  quartz  has 
every  appearance  of  being  an  original  constituent  and  not  a 
product  of  replacement  or  infiltration. 

The  almost  entire  absence  of  quartz  from  the  pyroxene 
rocks  of  this  area  is  noteworthy.  It  has  already  been  shown 
to  be  an  important  constituent  in  the  closely  associated  diorytes. 
Moreover,  the  gabbros  near  Wilmington,  Delaware,  not  more 
than  twenty-five  miles  to  the  east,  are  known  to  contain  an 
abundance  of  quartz.  But  in  this  region  the  gabbros  and 
norytes  only  rarely  carry  any  free  silica. 

A  typical  nor>'te  (IV)  from  one  mile  west  of  the  Oak 
Grove  schoolhouse  was  analyzed  by  Mr.  W.  G.  Hillebrand  of 
the  U.  S.  Geological  Survey,  with  the  following  results.  The 
rock  is  very  fresh  and  composed  of  bytownite  and  hypersthene 
Avith  some  accessory^  magnetite. 

IV. 

SiOa 48.02  MnO 18 

TiOa 23  CaO 11.42 

ZrOa none  SrO none 

AlaOa 20.01  BaO none 

VaOs 02(019)  MrO 10.05 

CraOa 03(027)  K2O 05 

FeaOs 1.13t  NaaO 51 

FcO : 7.29t  LiOa trace 

NiO,  CoO 01  H2O  below  105°  C...         .10 

•Johns  Hopkins  University  Circulars.  No.  103,  Feb..  1893. 
t Subject  to  correction  for  influence  of  possible  pyrrhotite. 
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P^S,:  .  ....     II  '06  :^tl  j^>. 

CO,    25  Sp.  ap- :» 

H  VPEaSTHEN'E-GABBSi:'. 

'lhi-»  r<^y:ic,  as  zlrt^W  stated,  is  mdmazeiv  asaoca^e-l  vrr 
t}»«:  nr^ryti',  into  -A-hich  it  ever^p-Twhcre  piasses  riirocgh  ±t  -i- 
rp'^v:  in  the  amfAint  of  ^lialla^e  present.  It  is  in:po5sibae  s 
'ira-.v  any  lin*-  Ij«:fAf:f:n  these  ta'o  t}pcs  cither  in  their  gei>jQgia! 
'y  riirpmcf;  or  in  their  mineralogicai  composition.  Ther  occn- 
]jy  \\it:  sam<:  arf.a  and  no  attempt  has  been  made  to  separaxe 
tlir-iij  in  plotiinjf  the  di.stribution  of  the  different  rocks.  The 
^^aMifo  in  IfTss  a?iundant  than  the  nome  and  where  it  does 
M.r  nr  it  is  always  rich  in  hyperathenc.  It  is  to  be  regarded  as  a 
n»inrraloj(iral  faries  of  the  prevalent  nor>-te.  Fine  exposures 
an:  \i>  Ix:  noem  akrfijj  the  railroad  south  of  Conowingo,  where  it 
lias  lj<rn  ])\^^U:(\  to  make  ro^/m  for  the  track.  Outcrops  also 
(fTcnr  alon;^  Octoraro  creek  above  the  mouth  of  Stone  run,  and 
in  the  vicinity  of  Mount  Hope  church,  while  boulders  of  it  are 
abundant  at  many  p<'>ints  throu^^hout  the  area,  notably  along  the 
Harford  turnpike  for  a  mile  northeast  of  Reckord  and  east  of 
(  onriwin^o  on  the  f'ortcr  Bridge  road. 

I  he  ^af>bro  resembles  the  nor>'te  in  color,  ranging  from 
lij^ht  sh;id<s  in  those  varieties  rich  in  feldspar  to  dark  colored 
whrrc  thr  pyroxene  is  the  more  prominent  constituent.  .\s  a 
ruN-  ihry  an:  more  compact  and  do  not  have  the  crumbly  ap- 
pi-arancc  of  many  of  the  norytes.  In  texture  they  are  medium 
to  finc-j^raincd.  A  very  coarse-grained  facies  of  the  gabbro 
was  ol)s<Tvcd  a  short  distance  alxDve  the  paper  mill  on  Octoraro 
cnck,  some  r>f  the  constituents  having  a  length  of  nearly  one 
inch  ( 2f>  inillinu'lcrs). 

Ill  the  hand  sjKrinuMis  the  minerals  that  can  be  readily  dis- 
tin^Miislu'fl  art'  frldspar,  hy[)ersthene,  and  diallage,  while  under 
the  niirroscopc  the  rock  is  seen  to  contain  some  accessorv  mag- 
netite and  a])atite.      Olivine  was  found  in  only  two  specimen?. 

I  he  l*el(ls)>ar  is  hytownitc  and  is  in  all  respects  identic^ 
with  that  nf  the  norvtes  alrcadv  described.  It  has  been  more  :-r 


tSiiIplinr  rnlnilnti'd  nH  IVS....  hut  oxlats  as  pyrrhotlte  or  oth^r  sQlpb'^de  »;. 
tii>li>  ill  Ih'l 

fl'rrhnpM  inftlnly  pyrrliotll«». 
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less  altered  to  zoisite  and  is  often  wholly  changed  into  saus- 
surite.  In  this  regard  it  differs  from  the  plagioclase  of  the  as- 
sociated pyroxene  rocks  which  is  as  a  rule  very  fresh  and  unal- 
tered. 

It  is  not  necessary  to  add  anything  more  to  the  description 
already  given  of  the  diallage  and  hypersthene.  The  former 
mineral  is  not  present  in  large  amount  and  while  it  varies  con- 
siderably it  is  rarely  more  plentiful  than  the  orthorhombic 
pyroxene.  The  former  is  by  far  the  most  important  of  the  ferro- 
magnesian  constituents  occurring  in  these  basic  rocks.  Magne- 
tite is  seldom  absent  and  apatite,  while  frequently  found,  is  by 
no  means  abundant. 

Olivine  is  rare  in  the  gabbros  and  norytes  of  this  region, 
having  been  observed  in  only  two  specimens,  one  from  the 
small  area  northeast  of  Elkton,  the  other  from  near  Oak  Grove 
schoolhouse,  one  and  one-half  miles  northwest  of  Rising  Sun. 

Metamorphic  changes  in  the  gabbro.  The  gabbro  of  this 
area  has  undergone  considerable  alteration  which  has  resulted 
in  the  change  of  its  feldspar  into  saussurite  and  its  pyroxene 
into  hornblende.  The  metamorphosed  rock  thus  nroduced  is  a 
typical  saussurite  gabbro.  The  saussurite  is  found  under  the 
miscroscope  to  be  composed  almost  wholly  of  crystals  and  ir- 
regular grains  of  zoisite.  Some  good  sized  patches  of  the 
latter  gave  no  evidence,  even  with  the  highest  power,  of  being 
formed  of  small  individuals.  On  the  other  hand,  the  larger 
masses  are  frequently  seen  to  be  not  single  crystals  but  aggre- 
gates made  up  of  separate  grains  and  crystals.  Prisms  of 
zoisite  without  terminal  faces  are  quite  common.  They  show 
the  perfect  cleavage  parallel  to  the  vertical  axis,  the  cross  joint- 
ing at  right  angles  to  this,  the  parallel  extinction  and  the  biaxial 
interference  figure  with  very  small  optic  angle.  The  mineral 
is  colorless,  has  a  high  index  of  refraction,  weak  double  re- 
fraction, and  is  optically  positive.  In  thin  sections  the  saus- 
surite is  as  a  rule  quite  clear  and  transparent,  since  the  zoisite 
composing  it  is  in  good  sized  grains  and  crystals,  but  occasion- 
ally it  becomes  opaque.  As  already  stated,  the  pyroxene  6i 
these  gabbros  has  been  changed  into  fibrous  hornblende.  The 
two  chief  constituents  of  the  saussurite  gabbro  are  therefore 
secondary  hornblende  (smaragdite)  and  saussurite.  Some 
chlorite  and  a  little  secondary  quartz  are  commonly  present. 


^*%€  . 


*.-.  aBBf^-offjBVTS.    :cz'=.>^i.k3aBr:. 


::<-Tinv,rT>hir   rhan^pss   vhich  hav*;  sooe  xi  in 

/TdAtrr,^,  '  AXL  xi  *hi5i  Siie  >niv  die  ovroxine 
•h«-    rrf^Oi-r  ytrddn   'jf    ±e    5eidapar 

T'ltf^^r  iri*^  not  appear  Xi  have  been  a  verj  exsensre  iffpicfr 
m«it  >i  "he  ^tr»rrr-^uoryr&  ai  this  area  axui  ccfOsen^usiiT  3 
rriric  :si  not  v^'  abundant.  Of  die  cc'W'  localities  where  it  ■■» 
'ihser-.'/^l  -he  '-i^rst  is  in  ±e  vicinitv  of  die  j^lotmr  Kjpc  csird. 

ttur  ami  me-iiaif  miies  nordicasc  of  Risinj^  Sen:  it  is  btst 
frjiinrl  :n  -.t'.atterpfl  'Douiden  and  also  exposed  in  the  railrjad  at 
nrrar  !#v. 

Tile  5fa^>biTi-<lior.-te  may  be  distingnishcd  from  die  tnit 
'lior.Tc  ^K>th  hy  its  finer  grain  ami  by  its  i\:^i^  greenish  cotr. 
The  latter  characterisric  also  serves  to  separate  it  fnxn  rise 
^faJihro  and  nor.te  which  do  not  have  the  greenish  tinge  impan- 
*'.t\  by  die  serrmrlar}'  hornblende  when  present.  The  metagab- 
hro  IS  'V^mmonl"  more  compact  than  tnany   of    the   pyn>3cae 

fn  the  hand  specimen  the  unaided  eye  can  readily  distinguish 
a  I'.Iear.  usually  fresh,  colorless  or  white  feldspar  and  a  grcen- 
i.*ih.  fibrous  hfjmblenfle  with  a  sadny  lustre.  The  microscope 
shows  that  i<ime  magnetite,  apatite  and  epidote  are  also  pres- 
♦tnr.  Thf!  rVld^par  is  bytownite  as  in  the  original  gabbro  and 
i\\s*^s  not  ditter  frcm  that  already  described  in  connection  with 
that  type,  ft  has  nrjt  suffered  much  alteration  and  is  as  a  rule 
cl<!ar  anri  \r<'A-\ :  «xxasionaIly,  however,  a  little  secondar}'  ep- 
idf^fc  is  Ai'.\i-}M\i^.\\  in  the  plagioclase.  The  hornblende  is  the 
'-.r^mmon  grtren  pleochroic  variety.  It  never  shows  cr\-stal  out- 
Iinr:s  but  rj<:cn rs  in  fibrous  masses  or  forms  aggregates  com- 
\i*y^vA  of  numerous  small  individuals.  When  the  hornblende  is 
hl>roii>.  as  is  commonly  the  case,  these  individuals  are  often 
tf.I'/rlrss  on  the  insi<lt?  and  surrounded  by  a  g^een  and  more 


•  r!;i-  '"!rii  •.':i!)i.i-..  .lii.ryre  wa>»  first  employed  by  A.  K.  Tomebohm  tNene* 
Jn.'jr*  II- 11  1  Mm.  ^\>\,  1^77.  p-  .'iOl>.  was  later  applied  by  Williams  to  the 
H«M  .,i;.i:,.v  «|ifM"y:«-M  of  rjn^  Fialrimorp  r<»srlon,  and  hait  sinrt*  come  Into  quit* 
;r»'n":;i.  m-  IiHi»*nt !•/.  ln.v\'Hv»»r.  It  has  l)e<»n  suggested  that  for  much  altered 
pHki  Aiii'ii  '1  ■•'*  '.?  kn>«wn  i;m»'ous  origin  the  term  "meta"  be  prefixed  to  the 
iijirni'  iT  ri-|>.  oriifinni  Px-k.  In  arconlance  with  this  usage  an  altered  gabbro 
u-.m:-!  '.•'  «I»**<iu'ini:»'«i  a  ni»-M:rahhro  instead  of  a  gabbro-dloryte.  « Report  of 
«  ••rfitm'^-»-»»  <.n  \'»ni»-n«lrt riirH  i^f  Ign*^)U8  Rocks,  appointed  by  the  l»Irerior  of 
fliM  Trj:**-il  S';i*»'*»  <  ;»M'i«>irI' ?il  Siirv»'T. ) 
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The  formation  of  hornblende    from    pyroxene   is   by   no 
means  uncommon  and  the  alteration  need  not  be  described  here. 

DIABASE. 

At  several  points  between  Rising  Sun  and  Sylmar  station, 
on  the  state  line,  boulders  of  diabase  were  found.  These 
doubtless  belong  to  the  dike  described  by  H.  C.  Lewis  and 
traced  by  him  as  far  as  the  Maryland  line  which  it  crosses  prob- 
ably a  little  west  of  Sylmar.*  The  dike  extends  in  a  southwest 
direction  through  southeastern  Pennsylvania,  where  it  was 
followed  for  a  distance  of  seventy  miles.  The  width  at  some 
points  was  found  to  be  one  hundred  feet.  Its  age  is  thought  by 
the  above  writer  to  be  late  Triassic,  since  it  cuts  rocks  of  the 
latter  age. 

Diabase  boulders  are  quite  abundant  just  across  the  rail- 
road east  of  Rising  Sun  and  south  of  the  wagon  road ;  they  are 
also  found  in  the  fields  south  of  the  railroad  at  other  points 
between  here  and  Sylmar.  G.  P.  Grimsley  states  that  a  diabase 
dike  \yas  traced  for  nearly  a  mile  south  of  the  town  of  Liberty 
Grove.  Since  these  scattered  boulders  are  in  general  arranged 
along  a  line  having  a  northeast-southwest  direction  and  extend- 
ing from  the  state  line  to  the  vicinity  of  the  town  above  men- 
tioned, the  evidence  seems  to  be  sufficient  to  warrant  the  repre- 
sentation of  it  which  has  been  made  upon  the  map. 

The  rock  is  a  fine-grained  diabase  which  has  a  metallic  ring 
when  struck  with  the  hammer.  The  weathered  surface  is  cov- 
ered with  a  thin  coating  of  red  clay.  Under  the  microscope  the 
rock  is  seen  to  be  composed  of  lath-shaped  crystals  of  feldspar, 
irregular  grains  of  augite  and  a  little  magnetite.  • 

PYROXpNYTE. 

With  a  decrease  in  the  amount  of  feldspar  the  noryte  and 
hypersthene-gabbro  pass  over  into  rocks  composed  wholly  of 
pyroxene.  These  pyroxenytes  are  common  at  many  points 
along  the  border  next  the  serpentine,  where  they  are  closely 
associated  with  the  latter  rock  and  also  with  the  peridotyte. 
Intermediate  types  between  the  pyroxenyte  and  noryte  are 
often  found.  Among  the  localities  for  the  pure  pyroxene  rock 
may  be  mentioned  the  following:  in  the  vicinity  of  Oakwood, 
especially  just  east  of  town  at  the  Mount  Pleasant  academy ; 

•Proc.  Amer.  Phllos.  Soc,  May  15,  1885,  pp.  438-456. 


■  •• -jir  ...\i\    .1*    .'i.v.r.r  1  :.'>ne  'hurrh:  -ear  "he  ">"»im  "^T.rr*":* 
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;  ':<r  .?■:.•  'iirr  '''n-.iinirnts  besides  those  already  given 
if-  ;:i  *  a.  i«.ijrii  ^'*".'iin  •■i  ma^ctite  and  S'Xnetinics  a  little 
T-i'!  |.;i:'  \.  "I'.r  'aiMT  increases  in  amount  the  rock  grad- 
:;.i!'  ir.t.^  :t  ''«.r;t.\  A  common  intermediate  type  is  a 
;..:  .  -T.'-.  r  r!.;  ; ':r;  rich  in  hypersthene  and  in  which  the 
|»!;i;'i'»'Ia-.r  fonr..'.  alji*nt  <mL*-tcnth  of  the  entire  mass. 
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Two  varieties  of  pyroxenyte  occur  in  northeastern  Mary- 
land, namely,  a  hypersthene-diallage  rock  (websteryte)  and  a 
pure  hypersthene  rock  (hypersthenyte.)  The  latter,  which  has 
a  coarsely  granular  texture,  is  the  more  abundant,  being  found 
at  a  number  of  different  points,  but  especially  in  the  vicinty  of 
Oakwood  and  a  short  distance  south  of  Conowingo.  At  the 
former  locality  the  hypersthenyte  seems  to  occur  as  a  facies  of 
the  noryte,  along  the  border  between  the  latter  and  the  ser- 
pentine, while  at  the  last  named  locality  the  rock  forms  a  dike 
or.  dikes  in  the  noryte.  In  places  the  hypersthenyte  contains 
some  olivine  and  thus  passes  into  peridotyte.  The  websteryte 
is  found  near  Oakwood  and  at  various  points,  but  perhaps  the 
best  locality  for  this  rock  is  one  and  a  half  miles  west  of  Sylmar. 
At  this  same  place  there  is  an  outcrop  of  peridotyte  along  the 
road  near  the  crossing  of  the  west  branch  of  Stone  run.  Like 
the  other  pyroxenyte  type  the  websteryte  is  frequently  found 
near  the  edge  of  the  noryte  mass,  closely  associated  with  the 
serpentine.  The  rock  is  a  very  coarse-grained  aggregate,  the 
allotriomorphic  individuals  often  measuring  one-quarter  of 
an  inch  (6  to  7  millimeters)  in  diameter.  Both  varieties  of 
pyroxenyte  are  remarkable  for  their  freshness,  many  of  them 
having  undergone  no  alteration  whatever. 

Pure  pyroxene  rocks,  which  are  quite  abundant  in  Mary- 
land, were  first  described  from  here  by  G.  H.  Williams*  who 
recognized  two  well  marked  types  as  occurring  within  the  state, 
namely,  a  hypersthene  (or  bronzite)-diallage  rock  and  one 
composed  of  the  same  orthorhombic  pyroxene  and  diopside. 
To  these  two  types  a  third  must  now  be  added,  namely,  one 
composed  almost  wholly  of  hypersthene — ^the  hypersthenyte. 

The  first  type  above  mentioned  occurs  in  Baltimore,  Har- 
ford and  Cecil  counties,  Maryland,  and  in  Chester  county, 
Pennsylvania.  The  latter  occurrence  is  described  by  F.  D. 
Chester,  who  states  that  the  rock  consists  mainly  of  bronzite 
and  diallage  which  are  usually  much  altered. f  The  second 
type,  the  bronzite-diopside  aggregate,  occurs  near  Hebbville  P. 
O.,  Baltimore  county,  and  resembles  the  pyroxenyte  from  near 
Webster,  North  Carolina,  assumed  as  the  type  locality  bv  Will- 
iams. 

♦Amer.  Geol.,  July,  1890,  no.  35^9. 

f Ann.  Rept.  Geol.  Surv.,  Penn.,  for  1887,  p.  95,  1889. 
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still  in  its  early  stages  cores />f  pleochroic  hypersthene  may  yet 
be  seen  surrounded  by  secondary  hornblende,  but  commonly 
the  former  mineral  has  entirely  disappeared.  More  or  less  iron 
oxide  separates  out  during  the  change  and  is  scattered  through 
the  mass  in  small  grains  of  magnetite. 

The  following  analysiis  (V)  of  a  fresh  and  typical  web- 
steryte  from  Oakwood  was  made  by  Mr.  W.  F.  Hillebrand,  of 
the  United  States  Geological  Survey.  The  rock  is  a  very 
coarse-grained  aggregate  of  hypersthene  and  diallage.  This 
analysis  agrees  very  well  with  those  given  by  G.  H.  Williams* 
for  the  two  varieties  of  websteryte  from  Baltimore  county. 


V. 


Si02 53.21 

Ti02 26 

ZrOa trace 

AI2O8..... 1.94 

VaOs 03  (034) 

trjOs 20 

FC2O8 1.44 

FcO 7.92 

NiO.  CoO 03 

MnO 22 

CaO 13.12 

SrO none 

BaO none 


MgO 20.78 

K2O 07 

Na20 11 

LijO trace 

H2O  below  105°  C 14 

H2O  above  105°  C...         .87 

P2O6 trace 

FeS2t 03  (02  S)t 

CO2 10 

CI undet. 

Fl undet. 

100.47 
Sp.  gr 3.34 


PERIDOTYTE. 

This  rock  forms  several  small  areas  within  the  noryte-gab- 
bro  belt  and  also  occurs  at  one  point  along  the  border  between 
this  and  the  serpentine.  The  largest  mass  is  one  and  a  half 
miles  northeast  of  Rising  Sun,  at  the  Mount  Hope  church.  The 
area  extends  in  a  northeast  direction  and  is  less  than  one- 
quarter  of  a  mile  long.  The  rock,  which  outcrops  at  numerous 
points,  has  weathered  in  such  a  way  that  it  presents  a  ver\' 
rough  and  pitted  surface.  Associated  with  the  pcridotyte  is 
some  pyroxenyte  and  smaragdite  rock.  Another  area  of 
much  altered  peridotyte  is  found  one  and  a  half  miles  northwest 
of  Rising  Sun  near  the  Oak  Grove  schoolhouse.  Pcridotyte 
occurs  as  a  dike  outcropping  along  the  railroad  just  below 

•Am.  (;eol.  July.  ISOO.  p.  'ATt. 

tSulphur   calculated   as   P^eSg,   but  exists  as  oyrrhotlte  or  other  sulphide 
soluble  in   HCl. 

tl'erhaps  nxainly  pyrrhotite. 
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together  with  the  small  optic  angle  and  well  marked  trichro- 
ism  indicate  beyond  any  doubt  that  it  is  hypersthene  and  not 
enstatite  or  bronzite.  The  hypersthene  sometimes  occurs  in 
porphyritic  crystals  measuring  from  a  quarter  to  half  an  inch 
in  length  (6  to  13  millimeters).  The  olivine  is  as  a  rule  not  dis- 
tinguishable with  the  unaided  eye  except  where  it  appears  as 
dull  spots  on  the  cleavage  surfaces  of  the  pyroxene.  It  occurs 
in  well  rounded  grains  which  have  commonly  been  more  or 
less  altered  into  serpentine.  The  manner  in  which  this  change 
takes  place  does  not  differ  from  that  so  often  described.  The 
fibres  of  serpentine  are  arranged  at  right  angles  to  the  cracks 
which  form  a  network  traversing  the  olivine  in  all  directions. 
The  alteration  is  accompanied  by  the  separation  of  considerable 
iron. 

Feldspar  is  occasionally  present  in  these  rocks  in  small 
amount.  As  already  stated,  it  had  in  one  specimen  been  al- 
tered to  zoisite.  The  only  other  mineral  observed  was  a  little 
secondary  fibrous  hornblende.  As  a  rule  the  pyroxene  found 
in  the  peridotytes  is  quite  fresh  and  unchanged.  Many  of  the 
latter  rocks  which  have  undergone  considerable  alteration  into 
serpentine  still  contain  scattered  through  their  mass  good  sized 
crystals  of  hypersthene  or  diallage,  which  show  bright  cleav- 
age surfaces.  The  porphyritic  structure  of  the  peridotyte 
appears  to  be  the  exception  rather  than  the  rule  in  this  area, 
whereas  in  the  Baltimore  region  Williams  states  that  all  the 
olivine  rocks  exhibit  this  structure.* 

Two  distinct  types  of  peridotyte  appear  in  northeastern 
Maryland,  namely,  a  diallage-olivine  rock  or  wehrlyte,  and  a 
hypersthene-olivine  rock  or  harzburgyte  (saxonyte).  The 
former  usually  contains  a  little  accessory  hypersthene  and  the 
latter  may  carry  diallage  in  small  amount.  The  two  types 
thus  merge  into  each  other  and  no  sharp  line  of  separation  can 
be  drawn  between  them. 

The  harzburg}^te  appears  to  be  exceptional  in  containing 
hypersthene  instead  of  enstatite  or  bronzite,  which  are  the 
orthorhombic  pyroxenes  commonly  present  in  this  type,  A 
peridotyte  of  this  kind  with  some  hornblende  and  biotite  is  de- 
scribed by  Cross  as  occurring  in  Cottonwood  gulch,  Custer 
county,  Colorado.f     The  hypersthene  was  only  slightly  pleo- 

•Bul.  U.  S.  Geol.  Surv.,  No.  28,  p.  50,  1886,  and  Amer.  Geol.,  July,  1890,. 
p.  28. 

tProc.  Colorado  Scientific  Society,  1887,  p.  228. 
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rhrr.ir  and   .vas  rather  poor  :n  iron.     So  far  as  known  ±15  * 
:he   rfily  xrcurrence  :'Ut5ide  >f  Marviand  :?£  rfae  oirrmeHrrpe^ 

it  has  already  '-^een  stated  that  :hese  pcridotyres  alter  v^r- 
readily  into  •ierpenhne  and  many  of  rhesn  bare  ondcr- 
;2;onc  a  niore  or  .ess  complete  change  xxrto  that  rock.  Thtr 
doubtless  represent  the  '>rijnnai  type  whence  wcne  'ienved  the 
various  -erpentine  masses  of  the  reeicm.  There  :s  good  reascn 
Up  'r>elieve.  however,  that  ^xne  of  rfac  serpentine  has  bea 
formeri  ir-»ni  the  pyroxene-res. 

sERPEXTIXE. 

The  rnain  r>ortion  of  the  serDentine  area  lies  nortii  af  the 
-'.fan  land  line  in  Chester  and  L^ancaster  counties.  Pennsylvanu. 
It  i-^  known  a.s  -he  "State  Line  serpentine"  and  forms  a  beit  widi 
a  Itrngth  east  ->f  the  Susquehanna  river  of  about  seventeen  miies 
and  an  average  .vidth  oi  one  mile.  It  also  extends  across  the 
river  into  Harford  count}-,  where  it  has  a  length  of  sixteen 
miies  and  a  maximum  width  of  two  miles.  The  southera 
V)unfiar.'  ■  »i  the  area  follows  the  ^[ason  and  Dixon  line  closely 
as  far  west  as  <  jctoraro  creek  where  it  crosses  over  into  ilarv- 
land  anfi  'Extends  in  a  southwesterly  «iirection  to  the  Susque- 
hanna and  Vyond.  Be>ides  this  main  mass  there  is  a  small 
.'if'-a  .vest  ->f  «J>nowingo  credc.  forming-  an  extension  of  a 
larsfer  heit  in  Lanca-sitrr  count}*.  Tliere  is  also  a  small  outcrop 
'-.:  -rrprntine.  representing  a  dike,  along  the  railroad  just  sooth 
•;f  '  !onowingo. 

\  study  '-jX  these  r-jcks.  especially  in  their  less  altered  con- 
•  iitit  .n.  rev'-ais  the  presence  of  two  varieties.  The  first  contains 
r  -rais  of  pvpoxene  imbeilded  in  a  compact  and  quite  pure  ser- 
p^^tintr.  \\  here  the  cliange  is  not  yet  complete  some  of  the 
'  ricrinal  olivine  can  still  he  seen.  This  tv^pe  has  plainlv  been 
''.••riv'-i  rr.r:':  the  neririotvte. 

"'.":.'•  -r-r'  r..:  variety  has  its  origin  from  the  p\-roxen\-tes.  If 
>  ;•  --::  -e  '  ^rio.i  :::i-  rliange  through  its  different  stages  ttom 
'.V.r  :--'-r.  ' ; T  /X-nr*  r  ck  :>  the  final  serpentine  product.  The 
'.  •  :.*T't!>r.^  'ir.'l  •'::rx]'.a;:re  first  alter  into  fibrous  hornblende,  the 
■-•:V:r:jv:  .  r.:r.:or:'.;.  ^^'irir.r.injs:  on  the  outside  of  the  different  in- 
'hvidual  cfrair.-  ar..!  r-xtending  inward,  usually  along  cracks 
'^  these  arv  : revert.     This  prxess  goes  on  until  no  trace  of 
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-the  original  pyroxene  is  left  and  a  rock  is  produced  consisting 
wholly  of  secondary  hornblende.     This  transformation  may 
^go  no  further  and  we  will  have  left  the  smaragditic  and  gray 
homblendic  rocks  found  so  abundantly  throughout  the  region 
in  association  with  the  non-feldspathic  rocks.     But  the  altera- 
tion does  not  always  stop  here,  for  these  amphibole  rocks  may 
themselves  pass  over  into  serpentine.    This  change  was  clearly 
•exhibited  in  a  large  boulder  found  near  Svlmar.    Even  in  the 
hand  specimen  this  was  seen  to  be  composed  partly  of  gray, 
.fibrous  hornblende,  and  partly  of  compact  green  serpentine, 
the  former  mineral  graduating  insensibly  into  the  latter.  Under 
the  microscope  the  secondary  hornblende,  with  its  rather  high 
interference  colors  arid  resemblance  in  all  respects  to  that  so 
often  observed  surrounding  the  pyroxene,  was  seen  to  be  asso- 
-ciated  with  a  fibrous  aggregate  of  serpentine.    The  latter  did 
not  have  the  appearance  so  characteristic  of  this  mineral  when 
it  is  derived  from  olivine,  but  resembled  the  variety  produced 
from  hornblende.     The  fibrous  aggregates  of  serpentine  sel- 
-dom  have  any  regular  arrangement,  but  form  a  confused  mass 
traversing  the  hornblende  substance,  from  which  they  can  be 
'distinguished  by  their  low  interference  colors  of  pale  blue  and 
^ray.     Occasionally  the  fibres  or  columns  of  hornblende  are 
seen  separated  by  the  serpentine  into  which  they  merge  along 
their  borders.     It  is  apparent  that  in  this  instance  the  serpen- 
tine is  not  derived  directly  from  the  pyroxenyte,  but  that  this 
is  changed  first  into  fibrous  hornblende  and  the  latter  subse- 
quently alters  into  serpentine. 

A  similar  transformation  has  been  described  by  F.  D.  Ches- 
ter as  occurring  in  the  extension  of  this  same  belt  of  rocks  in 
Chester  county,  Pennsylvania.* 

Many  examples  might  be  cited  of  serpentines  formed  from 
peridotytes,  and  in  fact  the  latter  are  regarded  as  the  chief 
source  whence  these  rocks  have  been  derived.  On  the  other 
hand,  it  is  comparatively  rare  to  find  cases  where  the  serpentine 
has  undoubtedly  come  from  pure  pyroxene  rocks,  as  is  the  case 
with  some  of  those  in  northeastern  Maryland  and  adjoining 
^rtions  of  Pennsylvania.  Chesterf  found  that  many  of  the 
state  line  serpentines  have  been  derived  from  pyroxenyte,  which . 
often  contains  a  little  olivine.    Ransome:]:  describes  a  serpentine 

•Penn.  Geol.  Sury.  Ann.  Rept.,  1887,  p.  104. 

tPenn  Geol.  Suit.,  Ann.  Kept.,  1887.  pp.  102-105.  1889. 

tBul.  Dept.  Geol.  Univ.  of  Cal.  Vol.  I,  p.  222,  1894. 
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of  these  can  be  seen  at  the  section  house  just  below  the  town, 
wtiile  not  over  twenty  feet^north  of  it  there  is  a  dike  of  p^;ma- 
tyte.    The  peridotyte  has  been  partially  changed  to  serpentine. 

A  noticeable  feature  of  this  region  is  the  abundance  of  white 
vein  quartz,  fragments  of  which  strew  the  fields  in  many  places 
or  are  seen  mingled  with  the  gabbro  and  noryte  boulders  col- 
lected in  the  stone  walls  everywhere  so  common  in  the  area. 
At  some  points  these  quartz  fragments  are  so  numerous  as  to 
form  no  inconsiderable  proportion  of  the  boulders.  For  the 
source  of  this  material  we  must  doubtless  look  to  the  veins  of 
quartz  which  have  cut  not  only  the  basic  rocks  but  also  the 
gneisses  bordering  upon  these  to  the  east  and  south.  The  num- 
ber and  extent  of  these  veins  is  partially  indicated  by  the  many 
fragments  derived  from  them. 

The  quartz  veins  have  in  all  probability  been  formed  by  lat- 
eral secretion,  the  silica  having  been  leached  out  of  the  sur- 
rounding rocks  and  deposited  by  percolating  waters  in  fissures 
and  crevices  produced  by  orographic  movements.  Wherever 
the  rocks  are  well  exposed,  as  alone  the  Susquehanna,  they  are 
seen  to  be  traversed  by  gashes  and  cracks  which  have  been  filled 
with  this  secondary  quartz,  the  latter  often  forming  small  lens- 
shaped  masses. 

The  pegmatyte  veins*  are  of  special  interest  and  import- 
ance since  they  supply  large  quantities  of  feldspar  and  quartz 
("flint'*)  to  the  potteries  of  Maryland,  New  Jersey  and  Dela- 
ware. These  dikes,  which  are  often  of  considerable  extent,  are 
found  cutting  not  only  the  norytes  and  gabbros  but  also  the 
serpentines.  They  have  a  northeast-southwest  direction,  cor- 
responding to  the  strike  of  the  schists  and  the  foliation  of  the 
massive  rocks  where  the  latter  has  been  developed  by  pressure. 
Two  of  these  coarse  granitic  veins  are  well  exposed  along  the 
Susquehanna,  one  below  and  another  above  Conowingo.  The 
former  appears  less  than  one-quarter  of  a  mile  south  of  the 
station,  where  it  is  well  exposed  along  the  railroad.  This  dike,^ 
which  has  a  width  of  eight  feet,  is  com|x>sed  of  granite  with 
seams  of  coarse  pegmatyte  and  is  bordered  on  either  side  by  a 
saussurite  gabbro.     The  vein  a  short  distance  above  the  town 

•All  the  acid  dikes  or  veins  of  this  region  are  here  referred  to  as  peg- 
matyte Bince  they  are  formed  largely  of  verv  coarse  granite.  While  they 
are  not  infrequently  composed  of  true  granite,  into  which  the  pegmatite 
passes,  it  is  convenient  to  have  a  general  term  which  shall  include  all  those 
dikes  composed  of  quartz-feldspar  rock. 
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is  much  mr)re  extensive,  having-  a  width  of  three  htmdred  ie-i 
or  more.  In  some  pans  it  is  made  up  largely  of  quartz.  The 
rock  is  usually  a  rather  fine-grained  granite  traversed  by  nan- 
erous  veins  of  p)egmatyte.  Here  and  there  the  muscovitc  vjrcis 
sheaf -like  aggregates,  or  it  may  occur  in  well  devdopei  hex- 
agr>nal  plates.  The  peculiar  intergrowth  of  the  quartz  and  fdii- 
spar,  giving  rise  to  graphic  granite*  was  also  found  in  this  lo- 
cality, (iood  sizeri  cr\'stals  of  tourmaline  are  occasionally  pres- 
ent. \either  of  these  dikes  could  be  traced  vcrv  far  bade  from 
the  river. 

Three  large  pegmat}'te  veins  appear  along-  Octoraro  crwk 
1>etween  the  paper  mill  and  the  state  line.  On  the  hill  jnsi 
above  the  mill  one  of  these  has  been  worked  as  a  quarry  and 
furnishes  a  gfx)<l  quality  of  building  stone.  Most  of  the  rock  at 
this  pfiint  is  a  medium  fine-grained  granite  composed  of  quartz, 
microcline,  muscovite,  and  some  biocite.  The  vein  has  a  width  of 
ninety  feet  and  is  in  places  pegmatitic.  The  second  is  aboot 
three-quarters  of  a  mile  above  the  mill  and  the  third,  which  is 
f^ne  hundred  feet  wide,  occurs  close  to  the  Marvland  line.  The 
last  is  of  special  interest,  since  it  was  found  to  contain  many 
fragments  of  the  country  rock,  often  of  considerable  size  and 
not  infrcfjuently  three  feet  in  diameter.  They  are  composed  of 
much  altcre<l  and  saussuritized  gabbro  resembling-  that  occur- 
ring in  the  vicinity.  In  fact,  this  saussuritized  gabbro  seems, 
in  many  cases  at  least,  to  be  closely  associated  with  the  pegma- 
tvte  vein*;,  and  it  is  n<:)ssible  that  these  have  had  something  to  do 
in  pnjducing  the  alteration  of  the  original  rock. 

The  jK^gniatytcs  are  composed  of  white  or  pink  microcline. 
cjuartz,  nuiscovite,  a  little  albite  and  occasionally  biotite.  Tour- 
maline is  a  somewhat  rare  constituent. 

That  the  pcgmatytes  are  of  eruptive  origin  can  scarcelv  be 
<l(>iil)tt(l.  The  iK'st  evidence  of  this  is  furnished  by  the  frag- 
mtnts  of  the  country  rock  found  included  in  these  veins. 
riu'sc  must  havf  been  torn  from  the  side  walls  as  the  molten 
ma^Miia  \va>  intnided  into  the  fissures.  The  composition  of 
tlu-^c  i(>ar>r  j^'^ranitcs.  dittering  so  widely  from  that  of  the 
n<»r\i(s  and  scrprntincs  in  which  they  occur,  is  also  an  indica- 
tion that  they  arc  intrusive  or  have  at  least  not  l>een  fonneil 
l)v  rinulatinj^r  waters  deriving  their  materials  from  the  sur- 
n.nndin^^r  n.ck>.     They  are  rich  in  alkalies  and  do  not  appear 
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to  be  affected  in  their  composition  by  the  nature  of  the  enclos- 
ing mass. 

RELATIONS  OF  THE  DIFFERENT  ROCK  TYPES. 

Having  considered  somewhat  in  detail  the  different  rock 
types  represented  in  the  area  it  remains  to  discuss  the  rela- 
tions existing  between  them.  It  has  been  shown  that  they  are 
more  or  less  closely  associated  in  their  geological  occurrence 
and  that  many  of  the  types  are  connected  by  intermediate  varie- 
ties. The  rocks  grow  successively  more  and  more  basic  from 
tne  south  toward  the  north.  If  one  starts  from  Rowlands- 
ville  or  from  a  point  one  mile  north  of  Colora  and  travels  north 
to  the  Pennsylvania  line  he  passes  over  in  succession  biotite- 
granite,  quartz-mica-homblende-dioryte  ( tonalyte) ,  dioryte 
and  quartz-dioryte,  hypersthene-gabbro  and  noryte  and  ser- 
pentine. The  distance  traversed  in  thus  passing  from  the  acid 
to  the  basic  and  ultra-basic  types  is  sometimes  two  miles  and 
never  exceeds  three  miles. 

GEOLOGICAL  RELATIONS  OF  THE  DIORYTES  AND  GRANITES. 

The  close  relationship  existing  between  the  dioryte  and 
granite  is  evident  both  from  their  association  in  the  field  and 
from  the  study  of  a  large  number  of  sections  made  from  spec- 
imens collected  at  many  points  in  the  intermediate  zone.  As 
already  stated,  the  diorytes  form  a  belt  varying  in  width  from 
one  to  one  and  a  half  miles,  bordering  the  granite  on  the  north 
and  lying  between  that  and  the  gabbro.  It  was  everywhere  found 
impossible  in  the  field  to  draw  any  sharp  line  of  separation  be- 
tween the  granites  and  diorytes,  and  along  quite  a  well  defined 
intermediate  belt  there  is  a  gradual  passage  from  one  to  the 
other.  This  transition  is  even  more  apparent  from  the  micro- 
scopical study  of  a  large  number  of  thin  sections  which  show 
a  change  in  the  mineralogical  composition  of  the  rocks.  It  has 
already  been  stated  that  there  are  two  well  marked  varieties  of 
the  dioryte.  one  a  quartz-mica-hornblende-dioryte  or  tonalyte 
and  the  other  a  quartz-dior>te.  The  former,  which  is  very 
granitic  in  appearance,  is  confined  almost  entirely  to  the  south- 
em  portion  of  the  area  next  to  the  granite,  and  forms  a  con- 
necting type  between  that  rock  and  the  quartz-dioryte,  while 
the  latter  is  found  along  the  northern  border.     By  an  increase 
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in  the  amount  of  hornblende  and  a  corresponding  decrease  in 
the  biotite,  the  tonalj-te  passes  into  a  quaxtz-dioryte.  On  the 
other  hand,  bv  a  decrease  in  the  amount  of  hornblende  and  i 
corresponding  increase  in  the  biotite  it  passes  over  into  the 
biotite-granite  of  the  Rowlandsville  area.  This  latter  rode,  as 
shown  on  a  later  page,  is  chemically  very  closely  related  to  the 
diorv'tes  and  can  in  fact  be  considered  as  a  biotite-dionle. 
These  intermediate  varieties  between  the  granites  and  the  true 
diorv'tes  are  of  common  occurrence  and  cover  considerable  ter- 
ritory. 

There  is  also  a  change  in  the  feldspar  as  the  rock  becomes 
poorer  in  silica  and  richer  in  hornblende.  In  the  biotite-granite 
the  feldspar  is  oligoclase  along  with  a  little  orthoclase;  in  Ae 
tonalvte  it  is  an  acid  labradorite,  while  in  the  true  diorvtcs  this 
constituent  is  represented  by  an  acid  bytownite.  Nowhere  was 
any  line  of  contact  observed  between  the  granites  and  diorytes, 
and  careful  search  failed  to  reveal  the  presence  of  any  erupti^-e 
contact,  such  as  that  described  by  Grimsley  along  Octoraro 
creek  in  the  vicinity  of  Porter  Bridge.  The  g^ranite  does  con- 
tain, it  is  true,  the  dark,  fine-grained,  granitic  segregations 
such  as  those  mentioned  bv  that  writer.  But  no  reason  was 
found  for  regarding  some  of  these  more  basic  patches  as  segre- 
gations and  some  as  inclusions.  Nor  did  these  change  in  ap- 
pearance or  composition  as  the  diorj-te  border  is  approached, 
and  no  increase  in  their  number  or  size  was  observed  in  that 
direction.  In  the  absence  of  any  better  evidence  of  an  eruptive 
contact  than  is  afforded  by  these  basic  segregations,  which  do 
not  resemble  inclusions  of  diorv'te  or  eabbro,  there  would  seem 
to  be  slight  ground  for  Supposing  there  is  here  any  such  con- 
tact. Careful  search  failed  to  reveal  the  presence  of  any  dikes 
or  apophyses  of  either  rock. 

GEOLOGICAL  RELATIONS  OF  THE  DIORYTES,  GABBROS  AND  NORVTES. 

Bordering  the  diorytes  on  the  north  and  closely  associated 
with  them  are  the  norytes  and  hypersthene-gabbros.  It  was 
found  possible  to  distinguish  two  kinds  of  hornblende-feld- 
spar rocks,  one  original  and  commonly  carrying  considerable 
quartz,  the  other  secondary  and  produced  by  the  alteration  of 
the  gabbro.  Tn  the  latter  (metagabbro  or  gabbro-dioryte). 
quartz  was  usually  absent  or  present  only  in  small  amount. 
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the  hornblende  more  or  less  fibrous,  sometimes  nearly  colorless 
in  transmitted  light,  and  derived  from  the  pyroxenes.  These 
metagabbros  have  not  been  extensively  developed  in  this  re- 
gion and  are  much  less  abundant  than  the  true  dioryte.  As  a 
rule  the  original  hornblende  rocks  differ  in  texture  from  the  py- 
roxene rocks,  the  former  being  considerably  coarser  and  re- 
sembling the  granites  in  size  of  grain. 

The  norjrtes  make  up  the  larger  part  of  the  area  occupied  by 
the  pyroxene  rocks.  They  are  abundant  not  only  in  Cecil 
county,  but  also  across  the  Susquehanna  in  Harford  county, 
where  they  are  found  at  many  points.  The  hypersthene-gabbro 
is  probably  a  facies  of  the  noryte  and  the  two  types  merge  into 
each  other  wherever  they  occur.  But  though  the  pyroxene  and 
hornblende  rocks  are  so  intimately  associated  in  their  geological 
occurrence,  no  intermediate  varieties  connecting  the  two  were 
fotmd  in  Cecil  county,  such  as  exist  between  the  diorytes  and 
granites.  An  original  hornblende  gabbro  is  stated  by  G.  H. 
Williams*  to  occur  in  Harford  county,  and  is  said  to  pass  into 
augite  or  hynersthene-dioryte,  but  no  such  intermediate  types 
were  observed  east  of  the  Susquehanna. 

GEOLOGICAL  RELATIONS  OF  THE   NORVTES  AND  GABBROS  TO  THE 

ULTRA-BASIC  ROCKS. 

The  non-feldspathic  rocks  occur  as  lens-shaped  masses  and 
as  dikes  within  the  noryte  and  are  also  found  along  the  border 
next  to  the  serpentine,  where  they  seem  to  represent  a  more 
basic  facies  of  the  noryte.  The  peridotyte  and  pyroxenyte  are 
closely  associated  in  their  geological  occurrence  and  th^  one 
type  sometimes  graduates  into  the  other.  This  relationship  is 
well  shown  in  the  railroad  cut  just  below  Conowingo  where 
both  of  the  ultra-basic  rocks  are  found  together  in  the  same 
dike.  The  olivine  is  sometimes  confined  to  particular  portions 
of  the  rock,  occurring  abundantly  in  certain  layers  or  bands 
and  being  almost  absent  from  others.  There  results  from  this 
arrangement  a  banded  rock  made  up  of  alternating  layers  of 
nearly  black  serpentine  and  of  little  altered  pyroxene — a  struc- 
ture mentioned  by  Williams  in  the  peridotytes  of  Baltimore 
county,  t 

The  pyroxenytes  are  intimately  related  to  the  norytes  with 
which  they  are  connected  by  intermediate  types.     All  varieties 

•JohDs  Hopkins  Univ.  Circulars,  No.  C5.  Vol.  VII.  1888,  p.  62. 
tBull.  U.  8.  Geol.  Surv.,  No.  28.  1886,  p.  57. 
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are  found  between  those  pyroxene  rocks  rich  in  feldspar,  the 
latter  mineral  forming  over  one-half  of  the  mass,  and  those 
without  a  trace  of  that  constituent.  A  common  t>-pe  is  one  con- 
taining less  than  one-quarter  of  its  bulk  of  plagioclase,  the  rest 
being  formed  of  hypersthene. 

The  mode  of  occurrence  of  the  non-feldspathic  rocks  indi- 
cates that  they  are  younger  than  both  nor>'te  and  gabbro.  The 
peridotyte  area  near  Mount  Hope  church,  for  examole,  is  plain- 
Iv  an  intrusive  mass  in  the  #lder  nor\'te  rock,  and  their  more 
recent  age  is  even  more  apparent  in  the  case  of  the  dikes. 

It  has  been  shown  that  the  serpentine  undoubtedly  origin- 
ated from  the  alteration  of  the  peridot>tes  and  pyroxenytes  so 
closely  associated  with  it.  The  gradual  passage  of  the  latter 
into  serpentine  is  well  exhibited  in  manv  of  the  less  altered 
specimens,  where  all  stages  of  the  change  can  be  traced.  These 
ultra-basic  types  must  therefore  have  occupied  at  one  time  a 
much  larger  area  than  at  present  and  covered  the  district  now 
composed  of  serpentine. 

A  somewhat  different  alteration  product  of  the  pyroxenjtes, 
and  one  which  has  perhaps  resulted  more  frequently  from  their 
transformation,  is  an  amphibole  rock.  This  is  composed  of  a 
fibrous  hornblende,  sometimes  green  in  color  (smaragdite), 
sometimes  gray.  The  different  individuals  occasionally  have 
a  core  of  unaltered  pyroxene,  which  indicates  that  the  mass  was 
originally  composed  of  this  mineral.  These  secondar>-  amphi- 
bole rocks  are  abundant  throughout  the  area,  but  appear 
to  be  especially  common  near  the  seqjentine  border  where,  as 
already  stated,  the  pyroxenytes  often  occur. 

CHEMICAL  RELATIONS  OF  THE  ROCKS  OF  THE  SERIES. 

The  chemical  relations  of  the  rocks  of  the  district  are  shown 
in  the  following  table  in  which  the  analyses  are  arranged  in  the 
order  of  diminishii^  acidity. 

I.          II.  III.  IV.         V.         VI.  VII.  YIII. 

Si02 73.69    66.68  58.57  55.16  44.04  48.02  53.21  40.06 

Ti02 0.50  1.41  0.64  2.24      0.23  0.26    

Zr02 0.09  0.02  0.10  none  trace     

AlsOs 12.89    14.93  16.10  17.51  20.01  20.01  1.94  1.37 

V2O3 0.02  0.04  0.05      0.02  0.03     

Cr203 none  trace  none      0.03  0.20  0.20 

FcoOa 1.02       1.58  2.89  2.62  4.22      1.13  1.44     
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undet.  undet.  undet.  undet.  undet 

FeaO* 
undet.  undet.  undet.  undet.  undet.      3.02 


99.74  100.32  100.07  100.17  100.42   99.98  100.47  100.00 
Sp.  Rr 2.89      2.90      3.03      2.98      3.34      2.66 

I.    Granite  from  the  Port  Deposit  quarries. 
II.    Biotite-granite  from  the  railroad  cut  at  Rowlandsville. 

III.  Quartz-mica-homblende-dioryte.  Near     the     foundry  on    Stone 

run. 

IV.  A  more  basic  variety  of  the  same.     Porter  Bridge  on  Octoraro 

creek. 
V.     Hornblende-dioryte  poor  in  quartz.     Three-quarters  of  a  mile 
northwest  of  Rising  Sun. 
VI.     Noryte.     One  mile  west  of  Oak  Grove  schoolhouse. 
VII.     Websteryte.     Oakwood. 
VIII.     Serpentine.  Broad  creek  quarry  in  northeastern  Harford  county. 

Analyses  I  and  II  are  taken  from  G.  P.  Grimsley's  paper 
on  the  granites  of  Cecil  county.*  I.  was  made  by  Mr.  William 
Bromvvell  in  the  chemical  laboratory  of  the  Johns  Hopkins 
University;  II. -VII.  were  made  hy  \V.  F.  Hillebrand,  of  the 
United  States  Geological  Survey,  and  \'II.  is  by  F.  A.  Genth. 

It  will  be  observed  that  the  rocks  of  the  scries  range  in  com- 
position from  that  of  a  granite  to  a  pyroxenyte  and  serpentine. 
A  comparison  of  these  analyses  shows  that  as  the  silica  de- 
creases there  is  an  increase  in  the  magnesia,  the  latter  constitu- 
ent being  especially  characteristic  for  rcx:ks  of  this  character. 
The  alumina  increases  from  the  most  acid  member  of  the  series 
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V,  -hf:  A-^hster/'e  vhen  :t  ir^ps  suddenly  :r=im  JC-3C  7"«'  :=: 
to  :  >i  .  A  ith  iiminishin^  silica,  uier*  is  also  s.  fers=e  2 
rhf*  ^llckWt^-.  'jut  a.  ierffied  incT'sase  :n  die  lime.  Tic  jr»5ecs 
of  .'Sin;t/iiiim  :n  'he^se  rocki  is  ■arortfay  ot  notice-  y*3:u>r  Z- 
.vliirh  :«;  ;r:v*^  by  ''inm«le^'  as  an  analysis  of  a  bictit2-s3ssc. 
/•i-irr^-ip^^nds  ver;-  tioscly  Trirfi  the  anal^rses  of  'pxariz-zaa- 
'iior.fe  kni\  of  tonal -^-re  as  zivcn  bv  Roscnbirsrh  *  Is  rafac 
iou-  silica  rr^ntfflit,  its  hi^  percentage  of  lime  '-|-Q'  ace  m- 
tiviv  low  prr.twita^^  of  potash  ''2.05  ■.  cog^etfaer  with  a  arge 
;imr>»jnr  of  magne^iia,  ail  seem  t»j  indicate  a  ndatzon^bip  «h 
the  diorytes  rather  than  the  granites.  From  the  point  of  ttcw 
of  lU  rMem'ical  cr^mposition  it  should  probably  be  considered  1 
r-iuartz-mira-dion-te  rather  than  a  granitjte.  But  wixat  is  of 
^fy^r.ial  interest  in  the  present  discussion  is  the  fact  that  rids 
rffcU  lie«i  rm  the  hr^rder  between  the  diorytes  and  grranitcs. 

ft  will  Fip  seen  from  analvses  III..  IV.  and  V.,  that  there  are 
two  types  of  rlioryte,  a  more  acid  quartz-^lica-hofllblcxKl^ 
dioryte  and  a  hjasic  hr/rTiblende-diorvte.  The  former  is  poorer  in 
si  lira  than  the  typical  tonaI}te.  though  it  a^ecs  with  the  latter 
in  minfralr^cal  composition.  The  hornblende  dior>te  of 
nurn\tCT  V.  cr^ntains  only  a  small  amount  of  quartz  and  is  sonK- 
what  more  basic  than  much  of  the  true  diorvte  of  the  area, 
which  is  rich  in  quartz.  It  will  be  observed  that  the  tonalytes 
nir,  IV.)  approach  the  granite  in  composition,  while  the  anal- 
ysis of  the  rlir^ryte  proper  (V.)  corresponds  quite  closely  with 
that  of  xho  n^jryte  CV'I.),  the  only  essential  difference  between 
tli^  two  Ix-in^  in  the  magnesia. 

If  the  basic  eniptives  of  northeastern  Maryland  are  com- 
p'iinu]  with  those  fx:curring  in  the  vicinity  of  Baltimore  on  the 
(}uc  s\(U\  and  with  those  of  Wilmington,  Delaware,  on  the 
<>th(:r,  certain  resemblances  and  differences  are  at  once  appar- 
ent. The  area  unrler  discussion,  occupying  as  it  does  an  inter- 
mediate fK>sition  l>etween  the  two,  might  be  expected  to  exhihi: 
certain  features  common  to  l)oth.  Perhaps  the  most  marke*: 
eliaraeteristic  of  the  rocks  of  all  three  areas  is  the  abundance  of 
hyjK'rsthene  i)resent.  This  is  especially  true  in  northeaster: 
Maryland  and  Delaware,  where  this  constituent  plays  a  more 
important  role  than  the  diallage,  the  latter  being  present  onI\  r. 
small  amount.     In  both  the  Baltimore  and  Cecil-Harford  ar:ri- 
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peridotytes  and  pyroxenytes  are  found  associated  with  the  gab- 
Ibros  and  noiytes,  where  they  have  by  their  alteration  produced 
extensive  masses  of  serpentine. 

In  both  the  Delaware  and  Cecil-Harford  areas  the  basic 
rocks  are  often  rich  in  quartz.  But  in  the  former  state  this  is 
found  in  the  gabbros,  while  in  Maryland  it  is  the  diorytes  that 
•carry  the  quartz,  the  latter  mineral  being  almost  absent  from 
the  norytes  and  gabbros.  It  has  been  found  at  only  two  points, 
namely,  in  the  vicinity  of  Mount  Hope,  Baltimore  county,  and 
the  junction  of  Stone  run  and  Octoraro  creek.  Brown  horn- 
blende occurs  as  an  accessory  constituent  in  the  other  areas, 
l)ut  was  not  observed  in  any  of  the  rocks  under  discussion. 
Olivine  is  equally  rare  in  all  three  districts.  Biotite  is  found 
in  the  gabbros  near  Wilmington  but  is  lacking  in  the  Maryland 
rocks. 

The  area  under  discussion  differs  in  certain  respects  from 
those  lying  to  th^  east  and  west  of  it.  One  distinguishing  feat- 
ure is  the  abundance  of  dioryte,  usually  rich  in  quartz,  and  its 
passage  into  the  granites.  Another  is  the  comparatively  slight 
development  of  gabbro-dior^^te  from  the  gabbro,  an  alteration 
which  has  taken  place  on  a  large  scale  in  the  other  two  areas. 
Though  many  of  the  gabbros  and  norytes  show  the  early  stages 
of  this  change,  those  rocks  are  comparatively  rare  in  which  the 
pyroxene  has  been  completely  altered  to  hornblende.  This 
does  not  include  the  saussurite  gabbros  which  have  had  both 
their  original  constituents  changed  into  secondary  products. 
A  third  difference  is  the  presence  in  this  area  of  many  large 
granite  and  pegmatyte  dikes  in  the  noryte  and  serpentine  Some 
large  blocks  of  pegmatyte  were  found  at  one  point  in  the  Balti- 
more area*  but  this  was  the  only  instance  of  such  an  occurrence 
within  the  basic  eruptives  of  that  district. 

RfiSUMfi  AND  GENERAL  CONCLUSIONS. 

In  northeastern  Maryland  a  series  of  acid  and  basic  eruptive 
rocks  has  broken  through  the  ancient  gneisses  (pre-Cam- 
brian?).  The  following  types  are  represented:  biotite-granite, 
dioryte,  quartz-dioryte,  quartz-mica-homblende-dioryte  (tona- 
lyte),  noryte,  hypersthene-gabbro,  pyroxenyte,  peridotyte,  and 
serpentine.     The  basic  and  ultra-basic  varieties  have  been  cut 

♦Bui.  U.  S.  Geol.  Suryey,  No.  28,  1886,  p.  25. 
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l>v  extensive  -likes  ot  ;jraiiite  and  pegman'te  which  haw  % 
northeast-southwest  ^iirectinn  and  have  no  apparent  caiBiccDai 
with  the  jCfranite  mass  to  the  south.  Near  the  easKm  end  ni 
the  main  1>elt  there  is  a  Triassic  (iiahose  dike  whidr  has-  bcm 
traced  for  a  distance  of  :seventy  miles  tfaroiq^  aondieuKra 
Pennsylvania  and  .\[ary'Iand. 

W'lien*  the  jjranites  border  the  area  of  basic  crupdves  on  the 
^oiitli  there  is  a  ^i^nuiual  passaf^  oi  the  granite  inoo  dioryte  ami 
no  line  ot  reparation  can  he  drawn  between  them.  The  noiyte 
fonns  the  I)!ilk  of  the  main  mass  of  basic  rocks  and  the  hyper- 
'^thene-gralil)ro  is  to  I)e  regarded  as  a  facies  of  the  nor^'te.  The 
latter  n->ck  is  in  srmie  places  found  to  graduate  by  intermetiiate 
tvpes  into  pyroxenyte  and  the  two  occur  intimately  a^rsociated 
in  the  tield.  The  pyroxenytes  and  peridotx'tes  are  cl*>sely  re- 
lated anfl  they  commonly  '"jccur  together,  in  one  in^stance  both 
being"  found  in  the  same  dike. 

A  sttuly  of  their  geological  relations  and  occurrence  makes 
it  evident  that  the  rooks  of  this  area  were  not  all  formed  at  the 
same  time.  Ft  is  probable  that  the  region  was  the  scene  of 
ernptive  activity  for  a  considerable  period,  during  which  the 
rjiffcrent  types  were  produced.  The  nor\'tes  and  gabbros  ap- 
f)f'ar  to  have  been  the  first  to  be  erupted.  The  diorytes  were 
t«rol>al)lv  former!  at  the  same  or  nearlv  the  same  time. 
The  absrncr.  in  Cecil  county,  of  intermediate  types  between  the 
r)\rr>\-cnr  anrl  hornblende  rrx:ks  mav  indicate  that  thev  are  of 
di^Y(•n•nt  a^'-rs,  and  it  is  not  unlikely  that  the  formation  of  the 
rliorxtc  fr>llfAvrrl  shortly  after  that  of  the  norytes  and  gabbros. 
'{n^vxhvr  these  three  types  compose  the  long  narrow  belt  of 
b?i^i<'  pK'k>  that  have  broken  through  the  ancient  gneisses. 

It  i>  difficult  to  give  with  any  degree  of  certainty  the  rela- 
rivf  ',\^v  of  the  granites  since  the  re<juisite  data  for  the  de- 
t(Tiniii;ition  r>f  this  art-  wanting.  It  seems  probable,  however. 
that  thfv  an-  voimgcr  than  the  norvtes  and  diorvtes.  Piir 
lircsrncf  of  the  niinhTrms  granite  and  pegmatyte  dikes  in  iVr 
basic  r^i  !<-.  may  inrlicate  that  the  granites  of  the  main  ma^^ 
Imiil:  to  the  south  arc  younger,  though  no  connection  hetwet". 
tlif-M-  «likc^  aiHJ  tile  larj^a-r  granite  area  was  observed.  T:> 
j^'ra<lation  of  tin-  t^^raiiitc  into  dioryte  and  the  absence  • 'f  ir 
line  «»f  St  j,;!  rat  ion  between  them  is  thought  to  be  evi<icnce  :'*;:.: 
their  (lifleriiue  of  a;;e  i>  not  very  great. 
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The  peridotytes  and  pyroxenytes  were  erupted  at  a  later 
period  than  the  norytes  and  gabbros  through  which  they  have 
broken.  Some  of  the  pyroxenytes,  however,  apparently  form 
peripheral  facies  of  the  noryte  and  probably  belong  to  the  same 
age  as  the  latter.  The  pegmatytes  are  more  recent  than  the 
basic  rocks  and  serpentines  and  since  the  latter  have  originated 
from  non-feldspathic  types  the  acid  dikes  are  also  younger 
than  most  of  the  peridotyte  and  pyroxenyte.  The  last  rock  to 
be  erupted  was  probably  the  diabase  composing  the  dike  which 
cuts  the  noryte-grabbro  mass,  and  was  formed  in  late  Triassic 
or  early  Jurassic  time. 

The  northeastern  Maryland  area  taken  as  a  whole  seems  to 
furnish  an  example  of  the  occurrence  of  several  rock  types 
which  represent  the  facies  of  a  single  magma  and  unite  to  form 
a  geological  unit.  This  view  does  not  necessitate  the  supposi- 
tion that  all  the  rocks  were  formed  either  at  the  same  time  or  by 
a  continuous  eruption,  but  there  may  have  been  several  periods 
of  activity  during  which  different  types  were  produced,  and  as 
already  stated,  this  was  doubtless  the  case  in  this  district. 

PLATE  XVI. 
Fig.  I. — Dioryte. 

From  one  mile  northeast  of  Rising  Sun.  Section  No.  71.  Magni- 
fied 20  diameters.  Ordinary  light.  The  hornblende  occurs  mostly  in 
lath-shaped  individuals  which  form  clusters  scattered  through  the  feld- 
spar.    Considerable  magnetite  is  also  present. 

Fig.  2. — Quarts-Mica-H ornblende-Dioryte  (tonalyte). 

From  one-half  mile  west  of  Porter  Bridge.  Section  No.  260. 
Magnified  20  diameters.  Ordinary  light.  A  good  sized  biotit^  individ- 
ual shows  near  the  center  of  the  field  and  hornblende  is  seen  near  the 
edge.  The  feldspar  is  largely  altered  to  epidote,  which  forms  irregu- 
lar crystal  aggregates.     The  clear  white  mineral  is  quartz. 

PLATE  XVH. 
Fig.  I. — Noryte. 

From  one  mile  west  of  Oak  Grove  schoolhouse.  Section  No.  237. 
Magnified  20  diameters.  Ordinary  light.  The  white  feldspar  is  not 
as  cloudy  as  in  many  sections.  The  light  colored  mineral  is  hyper- 
sthene  and  the  black  is  magnetite. 

Fig.  2. — Noryte  poor  in  feldspar. 

From  cross-roads  three-quarters  of  a  mile  south  of  Rock  Springs. 
Section   No.   104.     Magnified  20  diameters.     Ordinary   light. 
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This  rock  u  composed  lar^dj  of  hjpci&diene  witfc  oe^  a  3=^ 
feldspar.  It  is  a  comniOD  tjpe  and  is  intennediate  bctw^xu  tiie  aorjie 
and  pyroxenjte. 

PLATE  XVm. 
F^.  i.—PerUatjU  (mehiijU). 

From  near  the  point  where  die  west  branch  of  Stooe  run  cro&ss 
the  state  line.  Section  Xo.  43,  Magnififd  20  diameters.  Ordixaxy 
lig^t.  The  olivine  is  partiallj  altered  to  serpentiiie.  The  (fiaihge 
exhibits  its  characteristic  colomnar  stmctnre  and  its  black  indnsioes. 
The  olivine  is  confined  chiefij  to  certain  boiKls  or  layers,  one  of  vhkk 
shows  on  the  side  of  the  figure.  This  mineral  also  occmis  indnded  ia 
the  diallage. 

Fig.  2, — Pyroxenyte  {hypersthenyte). 

From  Oakwood.  Section  Ko.  159.  Magnified  20  diameters. 
Xicols  partially  crossed  (made  55*  angle  with  crossed  position). 

This  rock  is  composed  entirely  of  hypersthene.  Eight  or  ten  dif- 
ferent individuals  are  shown  in  the  figure. 

PLATE  XIX, 
Fig.  I. — SaussuriU  gabbro. 

From  Octoraro  creek  just  below  the  state  line.  Section  No,  laoi 
Magnified  30  diameters.     Ordinary  light. 

This  rock  is  a  typical  saussurite  gabbro  composed  of  fibrous,  green, 
secondary  hornblende  (smaragdite),  and  white,  opaque  saussurite. 
The  latter  is  made  up  almost  entirely  of  zoisite.  One  good  sized 
columnar  crystal  of  this  mineral  is  shown,  bordered  on  either  side 
by  smaller  individuals  of  the  same. 

Fig.  2. — Quarts-dioryte  with  epidotised  feldspar. 

From  one-quarter  of  a  mile  below  Porter  Bridge  on  Octoraro 
creek.  Section  No.  266.  Magnified  30  diameters.  Ordinary  light 
The  feldspar  is  replaced  by  aggregates  composed  of  minute  crysuls 
of  epidote.  The  dark,  granular  patches  which  appear  scattered  through 
the  clear  white  quartz,  and  which  mark  the  outlines  of  the  feldspar 
crystals,  arc  epidote.  Several  hornblende  individuals  show  on  the 
edge  of  the  field. 
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« 

A  PRELIMINARY  GEOLOGIC  SECTION  IN  ALPENA 
AND  PRESQUE  ISLE  COUNTIES,  MICHIGAN.* 

By  Amadbus  W.  Grabau,  Troy,  N.  Y.  \y^ 

PLATE   XX. 

INTRODUCTION. 

The  following  section  was  prepared  in  the  late  summer  of 
1900,  with  the  assistance  of  Mr.  W.  F.  Cooper,  of  the  Michi- 
gan geological  survey.  As  no  topographical  map  was  availa- 
ble, the  profile  of  the  country  along  the  section  had  to  be  pre- 
pared in  the  field,  at  the  time  the  geological  data  were  collect- 
ed. Distances  were  measured  by  means  of  a  cyclometer  at- 
tached to  the  bicycle,  which  was  the  only  conveyance  employed 
in  the  field.  To  eliminate  errors  due  to  unevenness  of  the 
country  and  to  other  causes,  the  cyclometer  readings  were 
checked  by  special  readings  on  the  section  lines.  Elevations 
were  obtained  by  reading  the  aneroid  barometer  at  all  the  sta- 
tions, as  often  as  the^e  stations  were  passed,  and  correcting 
these  readings  by  the  barograph  record  obtained  from  a  sta- 
ticMiary  instrumient  at  Alpena.  Owing  to  the  length  of  the 
section,  the  barograph  corrections  did  not  always  prove  satis- 
factory, especially  as  several  severe  atmospheric  disturbances 
aflPected  the  aneroid  in  the  northern  part  of  the  section,  which 
were  felt  to  a  less  degree  at  Alpena,  where  their  record  was 
obtained  by  the  barograph. 

LOCATION  AND  EXTENT  OF  THE  SECTION. 

The  section  is  located  in  Alpena  and  Presque  Isle  counties, 
Michigan.  It  runs  north  from  the  city  of  Alpena  along  the 
meridian  of  83"  27'  longitude  west  of  Greenwich,  and  forms 
the  western  boundary  of  the  eastern  third  of  range  8  E.  It  ex- 
tends through  the  whole  of  townships  32  and  33  north  and 
parts  of  townships  31  and  34  north.  The  total  length  of  the 
section  is  nearly  eighteen  miles,  but  the  distance  covered  in  its 
preparation  was  nearly  double  that. 

The  section  is  interrupted  near  the  middle  by  Long  lake, 
and  it  passes  by  the  eastern  end  of  Grand  lake.  It  strikes  the 
shore  of  lake  Huron  about  four  miles  southeast  of  Presque  Isle 

•Published  by  permission  of  Dr.  A.  C.  Lane,  State  Geologist. 
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light.     About  one-half  of  the  line  of  the  section  is  along  a 
north-south  road. 


TOPOGRAPHY   OF  THE   SECTION. 

In  the  following  table  the  distances  between  stations  as  cal- 
culated from  the  cyclometer  readings  are  given.  The  eleva- 
tions given  are  calculated  from  the  aneroid  readings  and  cor- 
rected by  the  barograph  readings.  The  resulting  elevations 
are  of  the  various  stations  above  the  mean  level  of  lake  Huron, 
which  is  taken  as  580  feet  above  the  sea. 


STATION,  NUMBER  AND  LOCATION. 


1 .  Thunder   Bay    

2.  Round  House  • 

3.  Sec.  15,  N.  E.  Cor 

4.  Sec.  10.  E.  line  base  of  terrace 

c.  Sec.  top  of  terrace   

6.  Sec.  10.  N.  E.  Cor  

7.  Sec.  3,  E.  line,  base  of  terrace 

8.  Section  top  of  terrace  

9.  Sec.  3.  end  road  running  west  

Qa.  Offset  on  same,  top  of  terrace 

10.  Sec.  3,  E.  line,  base  of  terrace 

11.  Section   top  of  terrace    

12.  Sec.  3,  E.  line  top  terrace 

13.  Sec.  3.  N.  E.  corner,  road  running  west 

14.  Sec.  34,  E.  line   

15.  Sec.  35,  W.  line 

16.  Sec.  34,  N.  E.  corner  

1 7.  Sec.  27,  E.  line  top  of  terrace 

1 7a.  Sec.  27,  outcrop 

16.  Sec.  27,  E.  line,  base  of  terrace 

19.  Section,  outcrop 

20.  Sec.  26,  W.  line  

21.  Sec.  27,  E.  line,  base  of  terrace 

22.  Section   outcrops    

23.  Sec.    22,    fork   roads 

24.  Sec.  22.  centre  north  line  

25.  Lonp   lake    ." 

24a.  TTell   creek  bridj?e    

25a.  Sec.  23.  north  line,  center 

2(\  Road  east  of  Long  lake 

27.  See.   3.    E.    line    

28.  Sec.  3.  end  road  running  west  t 

20.  Sec.  3.    E.   line   | 


2.2  —  66 
.2  — IIO 

.8  —  66 
.0  — no 

.1  —  22 
.2  — IIO 

.1—88 
.1  — 
.1  — 
.1—66 
.1  — 
.6  —  88 
.19 — 132 

.7  —  44 
.1  —132 

.0  — 154' 
.0  —  88 
.0  —  88 

.1  —154 
.1  — no 

.1  —132 

.2  —  44 

.4  — 1.32| 
.2-881 
.7  —  88 
.8  — no 
.2  —  22 

.5  —132 

1.2  —154 

I.I  —  66 

.4  —  00 

.0  —  88 


00.0 

V'7 
40.7 

44-4 
56.4 
3Q-4 
52.1 
62.1 
67.1 

79-1 
62.5 

72.S 

85.8 

92.8 

93  5 

103.5 

119.9 

128.9 

128.9 

120.2 

124.2 

134.2 
124.2 

119. 2 

125.2 

117-9 
110.6 

100.6 
106.4 
121. 4 
125.2 

113  0 
126.0 
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STATION,  NUMBER  AND  LOCATION. 


c 

V 

^  i 

t    o 

s 


ml.  —  yda. 


«    . 

ti 

2o 


«t 


00 


10 

e  ^ 

o 
#••    • 

>    u> 
H  S 


JO.  Sec.  3,  E.  line,  top  of  ridge 

31.  Town  and  county  line   

32.  Sec.  34,  E.  line,  top  of  maraine 

33.  Sec.  35,  W.  line,  Rabiteau's  farm   

34.  Sec.  27,  E.  line,  base  of  terrace 

35.  Sec.  22,  E.  line  running  west  

36.  Fork  of  roads    

3y.  Lake  Huron  at  Bell   

38.  Grand  lake  at  Lumber  mill,  Sec.  15,  N.  E.  corner 

39.  1  op  moraine,  Grand  lake  

40.  Grand  lake  isthmus    

41.  Top  gravel  ridge,  Club  house  

42.  Kaufman's   

43.  Lake  Huron  at  Presque  Isle  Light 

Of  the  stations  here  recorded,  Nos.  i  to  23,  and  Nos.  2y 
to  35,  are  on  the  section  line ;  the  others  are  either  to  the  east 
or  the  west  of  the  section  line.  From  these  data,  the  accom- 
panying profile  of  the  section  (plate  xx)  has  been  con- 
structed. 

From  a  careful  plotting-,  it  appears  that  Long  lake  and 
Grand  lake  lie  along  the  outcrops  of  shale  beds  of  considerable 
thickness.  The  valleys  of  these  two  lakes,  therefore,  which 
extend  along  the  strike  of  the  strata,  represent  longitudinal 
lowlands,  carved  by  streams  of  the  subsequent  type  out  of  the 
softer  strata. 


STRATIGR.\PHY  OF  THE   SIXTION. 

Owing  to  the  extensive  drift  coverings  of  this  region,  rock 
exposures  are  comparatively  rare,  and  are  confined  to  roadside 
cuttings,  quarries  and  the  few  natural  exposures,  which  are 
found  along  the  tops  of  the  terraces.  From  well-records, 
however,  we  gain  a  knowledge  of  the  succession  of  beds,  and 
of  the  thickness  of  the  various  members.  Taking  this  as  the 
foundation  of  the  stratigraphic  w^ork  for  this  region,  we  may 
attempt  a  correlation  of  those  beds  which  crop  out  on  the 
surface,  with  those  recorded  in  the  well.  Lithic  characteristics 
will  have  to  be  relied  upon  in  such  a  correlation,  and  for  the 
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area  covered  by  this  section,  these  may  be  considered  reliable. 
This  is  especially  the  case,  since  all  the  strata  entering  into  the 
section  arc  off-shore  deposits,  with  a  minimum  of  coarse 
detritus,  and  hence  of  a  character  which  remains  uniform  over 
a  large  area. 

The  following  succession  of  strata  in  this  region  has  been 
derived  from  the  records  of  the  Churchill  well,  the  location  of 
which  is  near  the  southern  end  of  the  section  in  Alpena. 

The  mouth  of  the  well  is  near  the  level  of  lake  Huron, 
and  above  the  coral  limestone  of  Alpena.  This  rock  is  the  mid- 
dle member  of  the  Traverse  (Hamilton)  group  of  Michigan, 
and  hence  the  entire  upper  portion  of  this  group  is  unrepresent- 
ed in  the  well  record.  At  a  depth  of  over  1250  feet,  the  wdl 
ends  in  the  salt  beds  of  the  Salina  group,  having  penetrated  the 
entire  lower  Devon ic  rocks  of  the  region. 

SUCCESSION    OF    STRATA    IN    THE   CHURCHH-L    WELL    AT    ALPENA.    MICH. 

FIZT 

1.  Sand  and  boulders 41.O 

2.  Hard   white    ( light   colored)    limestone 25.0 

3.  Shale    9.0 

4.  Very  hard  white  limestone  49.5 

5.  Shale    2.5 

6.  Extra  hard  gray  limestone 40.0 

7.  Blue   shale    jo.o 

8.  Hard  white  limestone  34.0 

9..  Shale,  7  feet  white  and  slimy,  possibly  gypsum   (  ?) 18.0 

10.  Hard   white  limestone    23.0 

1 1 .  Very  sticky  blue  shale   27.0 

12.  Hard   white  limestone    32.0 

13.  Shale    30 

14.  Hard  white  limestone,  upper  %  extra  hard  30. 0 

15.  Shale    •• 24.0 

16.  Hard  white  limestone 5.0 

17.  Shale,  mostly  blue 52. 0 

18.  Hard  white  and  gray  limestone,  mostly  extra  hard 63.0 

19.  Extremely  hard  ( flintv)  limestone 39.0 

20.  Shale    25.0 

21.  1  lard  gray  and  white  limestone   103.0 

22.  Shale    20.0 

23.  Hard  white  limestone   86.0 

24.  Sandy  lime  shale   10. 0 

25 .  Hard  white  limestone    468.0 

This  carried  the  drill  down  into  the  rock  salt  of  the  Salina  group. 
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"Strata  15  to  17  are  provisionally  considered  the  equivalent 
of  the  New  York  Marcellus,  though  there  is  no  evidence  at 
present  to  indicate  that  the  faunal  characteristics,  on  which 
the  separation  of  the  Marcellus  beds  alone  rests,  are  found  in 
this  region.  For  this  reason  it  is  perhaps  better. to  speak  of 
these  beds  as  the  lowest  Traverse  shales,  regarding  the  five- 
loot  stratum  of  limestone  (No.  16)  as  an  integral  part  of  the 
series.  The  total  thickness  of  this  lowest  shale  series  is  there- 
fore 81  feet. 

Strata  18  and  19  are  provisionally  referred  to  the  Dundee 
limestone,  which  is  considered  the  equivalent  (approximately) 
of  the  Onondaga  limestone  series  of  New  York.  The  com- 
bined thickness  of  the  two  strata  referred  to  this  formation,  is 
102  feet. 

Stratum  21  probably  represents  the  Mackinaw  limestone,  a 
formation  which  is  believed  to  be  the  time  equivalent  of  the 
Manlius  limestone  of  New  York.  It  undoubtedly  is  of  upper 
Siluric  age,  but  the  determination  of  its  exact  equival- 
ency must  be  deferred  pntil  paleontological  investigations  are 
made. 

Whether  the  shale  of  stratum  20  belongs  to  the  overlying  or 
underlying  formation  is  likewise  an  unanswered  question. 

If  the  above  correlations  are  correct,  the  well  record  gives 
us  the  following  thicknesses  of  Devonic  formations. 

Traverse  upper  shales   not  represented 

Traverse  middle  limestone  25 

Traverse  lower  shales  and  limestones  378 

Total  middle  and  lower  Traverse 403 

Dundee  limestones    102 

Total   505 

.The  strike  of  the  strata  of  this  region  is  approximately 
northwest  and  southeast.  The  dip  is  42  feet  to  the  mile  toward 
the  southwest.  This  is  equivalent  to  30  feet  to  the  mile  along 
the  line  of  the  section. 

A,     Traverse  Middle  Limestone. 

This  limestone  underlies  a  considerable  area  to  the  north 
and  northeast  of  Alpena.  It  appears  on  the  surface  in 
the  northeastern  portion  of  the  town  where  sev- 
eral quarries  are  opened  in  it  (Loc.  i).     It  is  also  quarried  in 
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the  cement  works  quam-  less  than  a  mile  east  of  the  town. 
near  the  lake  shore,  or  approximately  southeast  of  the  preced- 
ing locality.     This  is  designated  Loc.  9. 

The  rock  first  appears  on  the  section  line,  about  a  mile 
north  of  the  town  fSta.  4).  It  appears  at  intervals  to  the  north 
of  this,  and  is  prominently  exposed  in  the  terrace  which  crosses 
the  section  line  in  a  direct  northeast  line  from  the  quarries. 
(Sta.  8j. 

This  terrace  continues  northwestward  and  furnished  an- 
other good  exposure  of  the  limestone  about  a  tenth  of  a  mile 
west  of  the  section  along  the  first  west  road.  { Stat.  9a, 
Loc.  lb.) 

Loc.  I.  Quarries  northeast  of  Alpena.  The  limestone  is 
here  almost  wholly  composed  of  corals  and  hydro-corallines, 
though  brachiopods  and  other  organisms  are  not  wanting.  The 
corals  are  Favosites  and  Acerv'ularia,  the  former  probablv  rep- 
resented by  a  number  of  species.  Large  masses  of  the  rock- 
are  entirely  made  up  of  these  corals,  which  appear  to  be  still 
in  the  place  where  they  grew.  Other  large  masses  of  the  rock 
are  composed  of  the  hydro-coralline  Stromatopora  and  allied 
genera,  which  also  appear  to  be  represented  by  several  species. 
Among  the  smaller  corals,  species  of  Zaphrentis,  Aulopora,  and 
Ceratopora  predominate,  while  the  Br\'ozoa  are  chiefly  repre- 
sented by  fenestelloids,  and  Lichenalia-like  types.  The  chief 
brachiopo<ls  are:  A  try  pa  reticularis,  (an  extremely  convex 
form),  Spirifcr  cf.  5*.  mucronatus,  Stropheodonta,  several  spe- 
cies, Cyrtimi  umbonata  var  alpenensis,  Gypidula  romingeri  etc. 

The  central  mass  of  limestone  of  this  region  has  all  the 
characteristics  of  an  ancient  coral  reef  in  which  the  chief  reef- 
builders  were  the  Favosites  Acen'ularias,  and  Stromatoporas. 
These  formed  the  main  mass  of  the  reef,  while  between  them 
grew  the  smaller  species,  and  the  other  organisms  which  go  to 
make  up  the  ensemble  of  the  reef  population.  A  careful  exam- 
ination of  sections  in  the  quarries  shows  that  there  is  an  ab- 
sence of  stratification  and  regularity  of  structure  in  general, 
within  the  reef  portion  of  this  limestone.     This  is  to  be  expect- 
ed, since  this  portion  of  the  mass  is  entirely  of  organic  origin. 
In  form,  this  portion  is  dome-like,  and  the  stratified  beds  of 
limestone  which  flank  it,  dip  away  from  it  in  all  directions  at 
an  angle  exceeding  that  of  the  nonnal  dip  of  the  strata  of  this 
region. 
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The  origin  of  these  limestone  masses  and  the  accompanying 
.  beds  of  stratified  limestone  may  be  explained  as  follows : 

In  the  Devonic  sea  of  this  region,  the  luxuriant  growth  of 
corals  and  other  lime-secreting  organisms  produced  isolated 
reefs,  which  rose  to  within  the  sphere  of  wave  activity.  Being 
subject  to  the  continued  attack  of  the  waves,  these  reefs  were 
destroyed  wherever  the  vitality  of  the  polyps  was  insufficient 
to  resist  the  wave  attack.  Wherever  exposed,  the  dead  coral 
rock  was  ground  into  a  coral  sand,  this  being  accomplished  in 
part  by  the  direct  activity  of  the  waves,  in  part  by  the  aid  of 
tools  chieflv  in  the  form  of  loose  blocks  which  were  rolled  about, 
and  served  to  grind  up  the*  coral  rock,  and  in  part  by  the  many 
reef-destroying  organisms,  which  in  ever>^  reef  are  actively 
breaking  up  the  dead  coral  masses.  The  resulting  coral  sand 
was  carried  away  by  the  waves  and  currents,  and  deposited  on 
the  flanks  of  the  reefs,  and  in  the  quieter  water  beyond. 

Stratification  is  well  marked  in  such  a  fragmental  limestone, 
or  lime-sandstone,  and  it  not  infrequently  happens  that  cross- 
bedding  structure,  ripplemarks,  and  other  shallow  water  char- 
acteristics are  shown  in  such  a  limestone.  In  fact,  we  may 
consider  that  there  is  no  essential  difference  in  structure  be- 
tween such  lime-sandstones  and  ordinary  quartz-sandstones, 
the  mineralogical  character  of  the  component  grains  being  the 
only  distinction.  In  such  a  lime-sandstone  fossils  need  not 
be  abundant,  in  fact  we  could  understand  their  total  absence. 
Near  the  growing  reef,  which  is  the  source  of  the  coral  sand, 
the  minor  reef  organisms  may  be  expected  to  occur,  but  their 
number  would  decrease  in  proportion  as  we  pass  away  from  the 
reef.  In  the  immediate  vicinity  of  the  reef,  an  interlocking 
of  the  organically  and  the  mechanically  formed  limestones 
occurs,  for  at  times  the  coral  sand  encroaches  upon  the  'reef, 
and  again  the  reef  organisms  extend  outward,  growing  on  the 
foundation  of  sedimentary  coral  sand.  This  inter-locking  of 
the  two  typ)es  of  limestone  is  well  shown  in  the  quarries  opened 
in  the  reefs  in  question,  and  on  either  side  the  stratified  lime- 
stone, consisting  wholly  of  consolidated  coral  sand,  is  seen  dip- 
ping away  from  the  reef.  This  stratified  limestone  is  striking- 
ly barren  of  organic  remains ;  only  a  few  brachiojxxls  or  small 
corals  being  found  at  intervals.  In  texture  it  is  very  uniform, 
and   in  composition   very   pure,   yielding  upward   of  97%   of 
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CaCO,.  Some  of  the  limestone  of  this  tjpe  in  Petoskey,  Mich^ 
and  presumably  of  the  same  horizon,  is  reported  to  yield  lof* 
CaCO,.  The  purity  of  these  limestones  is  readily  accounted 
for  when  we  remember  that  the  reef -building-  organisms  flour- 
ish only  in  water  free  from  terrigenous  matter.  Since  the 
stratified  limestone  beds  which  always  accompany  the  reef  arc 
derived  from  the  organically  formed  limestone,  and  since  there 
is  an  absence  of  terrigenous  matter  within  the  area  of  their 
deposition,  it  follows  that  these  limestones  must  be  very  pure, 
within  a  radius  of  some  magnitude  from  the  central  coral  reef, 
the  source  of  supply  of  the  lime  sand.  It  furthermore  fol- 
lows that  the  thickness  of  the  coral  reef,  and  the  thickness  of 
the  flanking  fragmental  limestones,  may  agree  and  that  beds 
of  great  thickness  may  accumulate,  depending  on  the  length  of 
time  during  which  the  reef  remains  in  an  actively  growing  con- 
dition. 

It  thus  appears  that  the  reefs  are  the  most  trustworthy 
guides  to  the  purity  of  the  limestones.  Close  to  the  reefs  from 
which  they  were  formed,  these  limestones  will  generally  be  free 
from  foreign  material,  while  this  may  increase  in  amount  pro- 
gressively with  the  distance  from  the  reef. 

Loc.  p.  Quarry  of  Alpena  Cement  Co,  This  limestone  is 
gray  and  crystalline,  and  heavy  bedded  showing  for  the  most 
part  perfect  stratification.  The  coral  reef  character  is  shown  in 
several  parts  of  the  quarry,  its  structure  being  very  similar  to 
the  reef  of  the  preceding  locality.  Large  masses  of  Favosiies 
and  Acervularia  make  up  the  greater  part  of  the  reef,  and 
with  these  occur  large  stromatoporoids.  Among  the  associated 
remains  are  Gypidula  romingeri,  Atrypa  reticularis,  Spirifcr 
mucronatus,  Pterinea  Habella  and  others. 

This  reef,  though  similar  to  the  one  of  Loc.  i,  appears 
to  be  entirely  distinct  from  it.  The  two  arc,  however,  con- 
nected by  sparingly  fossiliferous  coral  sand,  which  was  derived 
from  both,  and  constitutes  the  main  material  of  the  bedded 
limestones. 

Loc.  la.  The  rock  exposed  here  shows  essentially  the  same 
characteristics  as  that  of  the  preceding  two  localities.  Favo- 
sites  appears  to  be  the  most  common  fossil.  Other  fossils  are 
Atrypa  reticularis,  Spirifcr  granulosus,  Zaphrentis  sp.  and  sev- 
eral si>ecies  of  Strophcodonta. 
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Loc,  lb.  The  limestone  has  here  less  the  character  of  a 
reef,  but  appears  to  have  accumulated  in  the  immediate  neigh- 
borhood of  a  reef.  It  is  highly  fossiliferous,  Favosites  and 
Stromatopora  being  very  common,  though  apparently  not  form- 
ing very  large  masses  as  in  the  reef  portions  of  the  preceding 
localities.  Stropheodonta  is  a  well-represented  genus,  though 
the  species  are  generally  small.  Gypidula  romingeri  and 
Atrypa  reticularis  are  among  the  other  common  brachiopods. 

It  has  not  been  ascertained  what  the  actual  thickness  of  the 
limestone  is.  In  the  Churchill  well  twenty-five  feet  are  shown, 
but  sjnce  these  are  overlain  by  drift,  it  is  evident  that  this  is 
merely  the  minimum  thickness  and  that  the  actual  thickness 
may  be  somewhat  greater.  That  it  is  not  very  much  more  is  in- 
dicated by  the  nearness  of  the  outcrop  of  the  overlying  shales 
on  the  south. 

Loc.  2.  About  two  miles  north  of  Alpena,  at  Sta.  11  on 
the  section  line,  a  highly  fossiliferous  limestone  is  exposed 
along  the  roadside  and  in  the  adjoining  farm  lands.  This  rock 
consists  mainly  of  the  stems  and  joints  of  crinoids,  and  of 
various  Bryozoa,  among  which  the  fenestelloids  are  the  most 
common.  In  the  exposed  portions  the  fossils  appear  to  form  a 
loosely  agglomerate  mass,  without  the  interstitial  filling  of  cal- 
careous sand.  Brachiopods  are  very  common,  and  the  space 
between  the  valves  is  generally  unfilled,  except  for  subsequent- 
ly infiltrated  calcite.  The  brachidium  of  these  brachiopods  is 
generally  well  preserved, .  indicating  a  freedom  from  disturb- 
ances. Gypidula  romingeri  and  Atrypa  reticularis  are  both 
abundant.  Stropheodonta  cf.  S.  demissa  and  5*.  nacrea  are  also 
common.  Chonetes  coronatus  is  a  conspicuous  species,  while 
Spirifer  mucronatiis  and  5".  granulosus  are  among  the  other 
characteristic  brachipods. 

Fenestella,  Loculipora,  and  the  other  frondose  Bryozoa  are 
also  well  preserved,  frequently  still  showing  the  original  fun- 
nel-like form  of  the  frond. 

Crinoid  stems  and  joints  make  up  the  greater  portion  of 
the  mass.  These  are  mostly  enlarged,  and  changed  to  cleava- 
ble  calcite.  Dog-tooth  spar  is  common  in  the  cavities,  which 
latter  are  very  numerous,  since  all  the  remains  are  loosely 
joined,  forming  a  porous  or  loose-textured  rock. 

No  Favosites  or  other  corals  have  been  observed.  The  con- 
dition of  preservation  of  these  fossils  is  such  as  to  point  to 
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quiet  and  rather  deep  water  wherein  they  accumulated,  the 
depth  beinfj^  apparently  beyond  that  of  wave  activity.  This 
limestone  is  therefore  of  great  purity,  since  it  consists  wholly 
of  the  calcareous  remains  of  organisms.  The  position  of  the 
limestone  appears  to  be  near  the  base  of  the  middle  Traverse 
limestone  (stratum  2),  but  its  characters  are  probably  not 
traceable  over  a  very  large  area. 

Loc.  J.  About  a  mile  north  of  this  outcrop,  at  Sta.  15,  is 
another  outcrop  of  limestone  along  the  west  line  of  Sec  35. 
Here  the  limestone  has  again  the  coral-reef  character,  with 
Acervularia  and  Favosites  predominating.  This  exposure  be- 
longs near  the  base  of  the  limestone  series.  Besides  the  fossils 
mentioned,  Zaphrentis.  fenestelloids,  A  try  pa  reticularis  and 
crinoid  stems  mav  be  mentioned. 

Loc.  4.  This  is  two-tenths  of  a  mile  north  of  the  last  local- 
ity, at  Sta.  17a,  along  the  east  line  of  Sec.  27.  The  limestone 
here  is  similar  to  the  preceding,  and  belongs  to  the  same  series. 
It  contains  numerous  crinoid  remains,  and  Stropheodonta  is  the 
commonest  genus  of  brachiopods. 

B.     The  Lower  Traverse  Shales  afid  Limestones. 

Loc.  5.  About  a  third  of  a;  mile  further  north,  at  Sta.  19. 
is  an  outcrop  of  impure  but  highly  fossiliferous  limestone, which 
weathers  to  a  yellowish-brown  color,  and  leaves  an  earthy 
residuum.  The  reef  corals  are  rare,  but  other  types,  such  as 
Zaphrentis,  Aulopora,  and  the  like,  are  met  with.  Brachiopods 
are  common  and  among  these  a  robust  variety  of  Atryfa  retic- 
ularis is  the  most  abundant.  Other  comnion  si>ecies  are: 
Spirifer  initcronatus,  Chonetes  coronatus,  Stropheodonta  dc- 
missa,  S.  concava,  and  S.  erratica  (?). 

From  the  thin  bedded  character  of  this  rock,  it  might  well 
be  mistaken  for  a  shale  in  the  drill  record.  At  any  rate,  this 
rock  underlies  the  crystalline  limestone,  and  with  the  beds  next 
below  it  probably  fonns  the  nine-foot  stratum  of  "shale" 
(stratum  No.  3)  in  the  Churchill  well  record. 

Loc.  6.  Loss  than  two-tenths  of  a  mile  to  the  north,  at  Sta. 
20,  is  an  outcrop  of  black  shale,  highly  bituminous,  and  char- 
acterized by  the  extreme  abundance  of  a  small  si>ecies  of 
Stropheodonta.  This  is  a  species  closely  related  to  5".  pMcaia 
of  the  Iowa  Hamilton.  The  plications  are  angular  near  the 
beak,  l)ut  become  rounded  and  less  pronounced  toward  the 
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front.  The  exterior  of  the  shell  is  striate,  the  interior  pustu- 
lose.  When  worn,  the  shell  appears  punctate.  A  few  fenes- 
telloids  occur,  but  other  fossils  are  very  rare. 

Loc.  7.  This  is  at  Sta.  21,  something  more  than  two-tenths 
of  a  mile  north  of  the  preceding  locality.  The  rock  is  a  dark- 
colored,  somewhat  shaly,  fine-grained  bituminous  limestone, 
and  lies  just  below  the  shales  of  Loc.  6.  It  is  exposed  at  the 
base  of  a  terrace,  on  the  west  side  of  the  road,  and  fossils  are 
very  rare  in  the  exposed  portion. 

Loc.  8.  This  is  at  Sta.  22,  near  the  forks  of  the  road  south 
of  'Long  lake.  The  rock  is  thin-bedded,  gray,  weathering  to 
buff,  and  highly  fossiliferous.  Favosites  and  Acervularia  oc- 
cur, but  not  in  very  large  masses.  A  try  pa  reticularis  is  the 
most. abundant  brachiopod,  being  represented  by  an  extremely 
convex  variety.  Several  species  of  Stropheodonta  occur, 
among  which  a  variety  of  S,  demissa,  and  S,  erratica,  and  5. 
inequistriata  should  be  mentioned.  Cyrtina  umbonata  alpenen- 
sis  also  occurs.  These  limestones  arc  probably  a  part  of  the 
stratum  4  series  of  the  Churchill  well. 

Loc,  10.  This  exposure  is  at  Sta.  24,  where  Hell  creek,  the 
outlet  of  Long  lake,  cascades  over  some  limestone  ledges. 
This  locality  is  off  the  section,  and  the  rock  here  exposed  ap- 
pears to  be  the  correlative  of  the  limestone  series  No.  6  pf  the 
Churchill  well.  Acervularia  and  Favosites  occur  here,  and 
with  these  Spirifcr  granulosus,  Sp.  mucronatus,  A  try  pa  rctici^- 
Inris,  and  Rhipidomella  cf.  /?.  vanuxeini.  This  same  rock  prob- 
ably crops  out  close  to  the  lake. 

Locs.  11-13.  These  are  small  outcrops  of  limestone 
along  the  roadside  at  Stas.  26.  2j  and  2C)  resi>ectively.  They  ap- 
pear to  belong  to  the  limestone  bed  (8)  which  underlies  the 
blue  shale  of  Long  lake  (7),  and  contain  Acervularia,  Gypidula, 
and  other  fossils  characteristic  of  the  massive  limestones. 

Loc.  14.  This  is  at  Sta.  33,  half  way  between  Long  and 
Grand  lakes.  The  best,  outcrops  are  along  the  roadside  and  on 
the  farm  of  Mr.  Rabiteau.  The  rock  is  thin-bedded  and  ex- 
tremely fossiliferous,  the  fossils  weathering  out  in  relief.  The 
limestone  is  not  ver\'  pure,  an  earthy  residuum  remaining  on 
the  solution  of  the  lime.  This  is  bv  far  the  most  fossiliferous 
series  of  beds  in  the  region,  the  largest  number  of  species  in  the 
collection  having  been  obtained  from  the  outcrops  of  this  rock. 
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Brachiopods  predominate,  with  the  large  and  robast  AtryfQ 
reticularis  at  the  head.  Gypidula  romingeri  Hall  and  Clarke  is 
also  extremely  abundant,  while  the  Stropheodontas  and  SfMr- 
ifers  are  common,  and  represented  by  all  the  commoo  and 
some  rare  species.  Chonetes,  Productella,  and  other  char- 
acteristic Hamiltonian  brachiopods  occur  abundantly.  Amoog 
corals  the  smaller  types  predominate,  i  e.,  Aulopora^  Ceratopora 
etc.  In  the  lower  beds,  however,  the  reef-building  types  occur, 
notably  Acervularia.  Stromatoporoids  are  also,  though  moft 
rarelv  met  with. 

Loc.  75.  This  is  along  the  shore  of  Bumham  bay,  sootih 
west  of  Presque  Isle.  No  outcrops  are  found  here*  but  the 
beach  is  composed  of  roimded  and  subangular  dark  to  light 
gray  limestone  pebbles.  Chert  is  a  common  constituent  of  this 
rock,  which  probably  belongs  to  the  Dundee  formation  (repre- 
senting the  Comiferous  limestone). 

Loc,  16.  This  is  in  front  of  Presque  Isle  light,  along  the 
shore  of  lake  Huron.  A  dark,  somewhat  shaly,  apparently 
non-fossiliferous  limestone  crops  out  at  the  water's  edge.  This 
undoubtedly  is  the  lower  Dundee  limestone  (stratum  19)  which 
probably  forms  the  shore  for  a  considerable  portion  of  the 
countv. 

Loc.  ij.  This  is  on  the  mainland,  north  of  Presque  Isle. 
The  rock,  though  locally  disturbed,- chiefly  by  shore  ice,  is  un- 
doubtedly in  place,  and  represents  the  stratum  overlying  that 
which  crops  out  in  front  of  Presque  Isle  light.  The  rock  is  a 
ver>'  compact  and  uniform  grained  limestone,  of  a  drab  cok)r, 
and  sparingly  fossiliferous.  Almost  the  only  fossil  found  in 
it  was  a  large  and  rather  smooth  Paracyclas. 

Loc.  18.  This  is  on  the  farm  land  north  of  the  county  line 
and  east  of  the  line  of  the  section.  The  outcrop  is  in  line  with 
those  of  Loc.  14,  and  of  the  same  type,  containing  also  the  same 
species  of  fossils. 

Loc.  IQ.  This  is  at  the  sink  holes  north  of  the  Presque 
Isle  county  line,  and  east  of  the  line  of  the  section.  The  rock 
exposed  in  the  walls  of  these  sinks  is  as  follows : 

FEET 

Fine  grained  limestone,  of  a  ven*  compact  texture i- 

Shale,    bituminous   at    top.   but   becoming   more   calcareous   down- 
ward, with  fossils  of  the  HamiUon  types — 
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The  thickness  of  the  shale  has  not  been  ascertained.  The 
lim^estone  underlies  the  shaly  limestone  of  Loc.  14,  and  if  the 
correlation  of  the  latter  with  the  "shale"  of  stratum  9  is  correct, 
this  limestone  and  underlying  shale  are  to  be  correlated  with 
strata  10  and  11  of  the  Qiurchill  well,  respectively. 

Some  of  the  sink-holes  are  50  or  more  feet  in  depth,  but 
their  sides  are  difficult  to  examine,  since  they  are  usually  per- 
pendicular, or  else  covered  by  talus. 

Shales  with  fossils  of  the  Marcellus  type  are  said  to  be  ex- 
posed in  the  vicinity  of  Bell, but  thev  have  not  been  seen.  A  frag- 
ment, however,  containing  a  characteristic  Marcellus  Chonetes, 
and  obtained  from  this  exnosure,  has  been  seen.  The  location 
is  along  the  strike  of  the  shales  out  of  which  Grand  lake  is 
carved. 

Rensselaer  Polytechnic  Institute,  May,  ipoi. 


EDITORIAL  COMMENT. 

THE  ARCHBAN  OF  THE  ALPS.- 


The  very  able  and  interesting  volume  by  Duparc  and  Mrazec, 
which  has  lately  come  to  our  notice,  is  a  valuable  contribution 
to  the  geology  not  only  of  the  Alps,  but  of  the  Archean  of 
every  country  so  fortunate  as  to  have  any  Archean  rocks. 
The  investigation  was  carried  through  seven  years.  It  may, 
therefore,  be  presumed  that  the  results  reached  are  the  best 
that  can  be  attained  by  the  intelligent  use  of  all  methods  of 
modem  geological  research.  Careful  and  extended  fieldwork 
was  supplemented  by  chemical  and  petrographical  laboratory 
study. 

The  monograph  abstracts  the  opinions  of  former  geologists 
as  to  the  nature  and  relations  of  the  Mont  Blanc  massif,  but 
carries  the  examination  into  greater  detail  than  any  predecessor, 
reaching,  therefore,  somewhat  different  conclusions.  It  is 
specially  detailed  and  complete  on  the  relations  of  the  granite 
(called  protogine,  a  term  which  the  authors  would  discard)  to 
the  schists,  and  throughout  all  its  descriptions  it  is  illustrated 
by  half-tone  reproductions  of  photographs  of  Alpine  scenes. 

*Ilecherche8  geologlqu^s  et  petrographlques  sur  le  massif  du  Mont-Blanc. 
Par  Louis  Duparc  et  Ludovlc  Mrazec.  24  plates,  pp.  228.  quarto,  Geneva. 
1898.     (Mem.  8oc.  Phys.  et  Ulst.  Nat..  Tome  xxxlll.  No.  1) 
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French  and  Italian  geologists  have  differed  on  the  question 

of  the  nature  and  origin  of  the  rock  of  the  massif  of  Mont 

Blanc,  some  regarding  it  as  an  integral  part  of  the  schists,  but 

more  gneissic.  and  some  as  an  eruptive  rock  independent  of  the 

schists.     The  authors,  however,  share  with  Michel  Le\T  the 

•  .    .         .  . 

opinion  that  it  is  an  igneous  rock  intrusive  into  the  schists,  but 

they  lay  sf)ecial  stress  on  the  metamorphism  of  the  schists,  de- 
veloped by  the  granite,  and  the  endomorphism  of  the  granite 
produced  by  the  schists. 

The  authors  accept  two  rocks,  viz:  the  granite  and  the 
schists,  as  independent,  unallied  facts.  They  trace  out  their 
Hnes  of  contact  and  map  their  separate  areas.  They  make 
petrographical  and  chemical  examinations  of  these  two  end 
terms,  all  tending  to  demonstrate  and  emphasize  the  contrasts 
that  separate  them  in  the  field  and  in  the  laborator>'.  Then 
they  gather  together  the  points  of  alliance.  They  find  there 
are  four  ternis  in  the  series  instead  of  two  terms  and  that  from 
oiK»  extreme  to  the  other  there  is  a  gradual  passage,  thus,  (i) 
schist,  (2)  schistose  granite,  (3)  gneissic  granite,  (4)  granite. 
This  gradual  succession  is  found  not  only  once,  and  twice,  bat 
in  many  instances.  It  is  an  important  point  in  the  genetic 
study  of  the  igneous  rocks  to  find  this  fact  so  well  established 
by  those  able  investigators,  for  it  has  been  sometimes  affirmed 
that  there  is  no  such  transition  between  the  schists  and  the 
granites,  and  can  be  none.  Reference  may  be  made  to  page  23 
where  the  phenomena  about  the  Mer  de  Glace  and  the  Grande 
Becca  are  described.  This  result  is  identical  with  that  recently 
reached  in  the  investigation  of  the  Archean  crystalline  rocks  of 
Minnesota.  This  gradation  from  schist  to  granite,  which 
reasonably  interpreted  in  Minnesota  as  an  indication  of  an 
original  alliance  of  the  two  extremes,  through  the  means,  in  one 
onqin,  is  differently  viewed  by  Messrs.  Duparc  and  Mrazec. 
and  the  rocks  at  the  extremes  of  the  series  are  considered  as 
separate  in  origin  and  in  date.  They  detail  at  considerable 
length  the  structural  relations  of  the  granite  with  the  schist? 
(  mica  schists)  finding  it  frequently  eruptive  into  the  schists. 

Owing  to  the  stratified  condition  of  the  protogine  Fa\Te 
considered  it  a  granitoid  gneiss  older  than  the  mica  schists 
which  envelop  it.  Lory  like  Favre  ranked  the  protog^ne 
amongst  the  crysialline  rcKks  but  yoimger  than  the  mica  schists. 
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He  reached  the  conclusion  that  the  massif  of  Mt.  Blanc  forms  a 
synclinal  pinched  between  two  faults,  but  later  in  consequence 
of  an  excursion  with  Michel  Levy  he  recognized  the  eruptive 
nature  of  this  rock.  The  Italian  geologists,  with  Zaccagna  at 
the  head,  consider  it  also  as  a  particular  facies  of  primitive 
gneiss.  Anongst  them  this  opinion  is  strongly  rooted,  for  in 
1893,  in  his  "Geology  of  the  province  of  Turin,"  Baretti  uni- 
formly considers  the  protogine  as  a  lower  term  of  the  crystal^ 
line  rocks.  With  Gerlach  the  protogine  of  Mt.  Blanc  is  mani- 
festly an  eruptive  rock.  Its  apparent  stratification  is  a  result 
of  compression.  Michel  Levy  shares  the  opinion  of  Gerlach,. 
as  •  to  the  eruptive  and  intrusive  nature  of  this  rock.  He 
chiefly  bases  his  argument  on  the  contacts  of  the  rock  with  its 
crystalline  mantle,  and  also  upon  the  phenomena  of  injection 
and  of  metamorphism  which  it  develops  there.  The  authors 
themselves,  in  their  earlier  papers,  have  started  from  the  same 
point  of  view  and  have  insisted  chiefly  on  the  metamorphism  in 
question.  It  can  be  stated,  in  general  therefore,  that,  with  the 
exception  of  the  Italian  geologists,  there  seems  to  be  at  present 
an  approach  to  agreement  on  the  eruptive  nature  of  the  pro- 
togine of  Mt.  Blanc. 

But  having  agreed  that  it  is  an  eruptive  those  who  have 
studied  this  protogine  seem  not  to  have  accounted  for  its  origin, 
nor  for  the  terms  that  intervene  ])etween  the  normal  and  com- 
pletely developed  granite  and  the  schists  into  which  it  is  so 
plainly  intruded.  What  is  the  cause  of  Xos.  (2)  and  (3),  the 
schistose  granite  and  the  gneissic  granite  ?  The  former  has  cer- 
tain suggestive  points  of  pctrographic  likeness  to  the  mica 
schists.  It  runs  imperceptibly  into  the  gneissic  granite.  The 
gneissic  granite  (No.  3)  cannot  be  separated,  in  the  field,  from 
the  protogine  (No.  4). 

It  will  be  instructive  to  gather  together  some  of  the  evi- 
dences, given  by  the  authors,  that  go  to  show  that  these  four 
terms  are  but  steps  in  one  great  event,  phases  that  depend  on 
incompleteness  of  the  process,  or  on  difference  of  original  com- 
position and  structure  in  an  original  sedimentary  rock. 

The  authors  say  (p.  20)  :  ( i  )The  granitic  type  of  the  proto- 
gine is  light  colored,  with  variable  grain,  often  very  fine,  with 
black  mica  evenly  disseminated,  with  great  regularity,  in  the 
mass.     The  gneissic  type  is  usually  of  a  darker  color,  greenish,. 
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am!  always  more  or  less  schistose.  It  separates  more  easlj 
into  layers  than  the  tore^oinjj.  Plagioclase  feldspars  •xan-  in 
jK>tli.  in  the  latter  in  large  white  crystals.  "'All  forms  of  pass- 
age Ix'tween  these  two  types  are  found."  Thus,  the  enlarge* 
fnent  of  the  feUlspar  crystals  of  the  gneissic  type  tpnsfonns 
the  roek  into  a  true  augen-gneiss  the  large  feldspars  of  wfaidi 
with  s/jiiare  sections  srmietimes  measure  five  millimeters  in 
length  hy  two  or  three  in  \vidth,^and  are  alligned  parallel.  The 
rojc^r  of  the  rrxrk  then  becomes  lighter,  and  the  fragments  that 
it  contains  more  sef)arated.  Then  the  orientation  of  the  feld- 
spars (lisiippears,  the  schistosity  diminishes  more  and  more, 
and  tile  fehtspathic  element  is  dispoesd  in  all  directions  with 
r<'spect  to  itself,  and  there  is  formed  a  rock  still  granitic,  but 
of  a  type  almost  pr(>])hyn>idal.  At  the  same  time  the  basic 
eh^nent  marks  out  in  the  rock  real  lines  or  trains  analogotis  to 
tln'Sf  of  particles  carried  in  suspension  in  a  viscous  liquid." 

(  2 )  These  two  types  of  granitic  rock  are  not  capriciously 
and  irregidarly  distributed  in  the  midst  of  the  protogine.  The 
true  f^ranitic  type  fonns  the  southern  slope  of  the  massif,  the 
vM»l  dii  (leant,  the  (Irandes  Jorasses,  monuts  Roux,  the  Dolent. 
the  peaks  of  IManereuse,  the  Portelet,  the  summits  of  the 
riiatelet  and  of  Hreya,  where,  further,  the  grain  of  the  rock 
heeomes  remarkably  fine.  But  the  gneissic  varieties  on  the 
contrary  are  found  in  the  neighborhood  of  contact  of  the  pro- 
tnj^inc  with  the  schists,  and  also  in  the  central  area  of  the  massif 
where  they  appear  to  l>e  arranged  in  lines  along  more  or  less 
definite  axes,  viz :  l^tween  the  Grandes  Aiguilles  and  the  sum- 
mit of  the  iiraniles  Jorasses  (p.  21).  While  the  authors  de- 
clare it  is  im|H>ssible  to  define  the  limits  of  the  different  parts  of 
the  ji;neiss,  owing  to  the  transitions  to  granite,  as  mendoned. 
the\  state  that  in  i::eneral  along  certain  axes  the  gneissic  beJti' 
arc  manifest  and  sefx^rated  one  from  the  other  by  zoees  72 
which  is  evolwxl  the  j^ranitic  type.  Further,  intercalaied  is 
the  nudst  of  the  j^neiss  are  bajids  of  real  mica  schisi.  In  iicil. 
iliOrcfoic.  ihc  mountain  is  cor.VjX^sed  of  two  greai  z:*ne?.  Tn"»^ 
CT^i'-ilic  tli.in  ciieissiv.  cr.olosinjj  between  then:  a  rep:*r  whcrt 
:;;c  protoj^'ir.o  is  nii^re  j^^-joissic  and  schistose,  a  regScc:  w  hJr>.  r***- 
:\s;\^:vis  K^  a  jr^^ca:  cer.tra;  iiepression. 

^;"       Vlii  TV.iori  scV.ists  arc  aocr'nipanied  by  ann^ihibrO'Tr^ 
u       \\'h:'c  I'uro  .-^.re  c::>:i:-!Ct  a^x^physes  of  thf  rTr:>:.«rme 
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that  penetrate  the  schists  in  an  intrusive  manner  (p.  22)  there 
are  other  places  where  there  is  a  gradual  passage  from  the 
schists  to  the  protogine  (p.  23)  through  gneissic  and  more  or 
less  augen  types.  This  occurs  at  the  **angle"  of  the  Mer  de 
Glace,  at  Aiguille  des  Grandes  Mantels,  at  the  peak  des 
Rachasses,  in  the  summits  that  overlook  the  glacier  d'Ar- 
gentieres  and  des  Rognous.  It  is  the  same  on  the  opposite 
side  of  the  glacier  d'Argentiere  and  in  the  valley  of  the 
Dumand;  also  at  the  stairway  from  Six  des  Orques  to  la 
Gurra  and  in  reascending  under  the  summit  of  Grande  Becca, 
and  elsewhere.  Here  the  protogine  passes  insensibly  into 
gneissic  varieties.  In  the  same  gorge  of  Dumand  "are  seen 
first  schistose  bands,  which  little  by  little  become  more  gneissic 
and  which  pass  evidently  to  protogine." 

These  field  appearances  are  identical  with  those  which 
the  writer  has  described  in  the  final  report  of  the  Minnesota 
geological  survey  and  which,  prior  to  careful  petrographic  ex- 
amination, seemed  to  him  conclusive  to  prove  the  cotempo- 
randty  of  origin  of  all  rocks  concerned,  and  also  the  origin- 
ation of  all  the  igneous  characters  of  the  granite  and  of  the 
gneiss  from  intense  metamorphism  and  even  fusion  of  the  ele- 
ments of  the  mica  schist.  The  gradual  transitions  occur,  un- 
der this  hypothesis,  where  the  original  strata  were  not  com- 
pletely fused  and  displaced  or  were  of  diflFering  composition, 
and  the  abruptly  intrusive  contacts  where  the  plastic  or  molten 
matter  accom|>anied  and  aided  by  hot  water,  was  carried 
amongst  the  still  infused  rocks  of  the  original  terrane  of  the 
region.  Where  this  transference  was  more  gradual,  and  was 
largely  due  to  water  solutions,  the  pegmatitic  structures  were 
formed. 

There  is  an  essential  difference,  as  relates  to  the  schists, 
between  these  hypotheses.  According  to  the  authors  the 
schists,  as  schists,  preceded  the  granite.  According  to  the 
writer  they  are  cotemporary  with  the  granite,  and  represent 
the  lower  terms  of  the  same  process  that  gave  origin  to  the 
granite. 

(5)  The  silica  of  the  protogine  is  found  to  vary  from  66 
to  76  per  cent,  which  shows  a  granite  relatively  acid,  dis- 
tinguished by  that  fact  from  the  granite  which  forms  crystalline 
zones  exterior  to  the  massif  of  Mt.  Blanc.     These  variations 
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in  acrriir-  :-  'T^e  pr:t!:<rir-e  the  aathors  believe  cairo:»:  >  i^c 
:•>  a  lairic  >r  [-.-.•crj:eer.e:ty  in  the  original  magpma.  bin  in  :    V 
arrhtit*?:  :•-.  :rj>::ncad'XL?.  more  or  less  local  and  parral  -^ 
iril'ir.z  fr.n:  the  act-i.ci  or  the  cr\-staIHne  coveringr.  ;.  «■    tnc 
ri:h:ir-i.  "c*.n  the  rxlc  "4e  profondcur."     Going^  be^»_o:  ±c 
nta.i»ivr:  r.-^cler*.^.  the  auth»>r5  find  that  the  surrounding  sd^fc? 
ha-.ir.z  =•*"'.  t:^r  cert  '>i  silica,  are  still  less  acid  than  the  sr- 
r-.-ur.'iins'znci.^^ic  rock.  In  other  words,  that  which  is  the  :s'js 
ai::«:  r>:k:  of  the  serie*  is  that  which  presents  the  stKiisst 
iztic-.u?  -zharacter^.  an-:  which  has  most  frequently  and  ener- 
ivtr/.  cer.rrtratet!  the  less  acid  in  the  form  of  bosses  and  'iikis. 
The     le^Tce     .:    aci-Iity    \-aries    pari    passu    with    the   .jC^tk 
■  f  rui'iity  '.t  the  rock  c«>nsidered.     Such  difference  in  adchj 
ha*  rVr^.-er.tly  !-;een  appealed  to  to  prove  the  genetic  ditterenct 
of  the  whists  irom  the  granite.     There  is  no  more  obvious  cc 
C'Vrr.rr.*  n  remark  th*an  that  a  cn.'stalline  rock,  such  as  a  granite. 
resuitirg  perhaps  from  a  fusion  of  fragmental  materials,  oogfc 
t .  :■  ntairx  substantially  the  same  d^ree  of  acidity  as  the  aggre- 
gate '-'f  ti.e  materials  frr«ra  which  it  was  derived.     There  is 
r.'Xhin^  rr.ort  evident.     But  it  cannot  be  inferred   frcim  this 
tliat  the  srranite  at  a  definite  point  of  intrusion  should  show  the 
same  'iegree  ci  acidity  as  the  schists  which  it  intrudes,  for  the 
ver.-   fact  oi  the  intrt:>i'>n  implies  that  the  granite  has  been 
move'i   from  the  p«>int  at  which  it  may  have  originated,  and 
hence  that  it  miay  have  started  with  a  greater  amount  of  acidity. 
if  the  acti'jn  of  quartz  under  metamorphism  be  considered  a 
m.oment  it  will  h>e  found  as  a  general  law  that  the  more  acid 
rock  material  fuses  sooner  than  the  less  acid.     Quartz  is  the 
most  mobile  under  metamorphism    of    all    the    rock-forming 
minerals.     It  is  both  first  and  last  to  show  the  effect  of  met- 
amorphism.    If  such  metamorpliism  be  continued   till  it  re- 
sults in  plasticity  or  fusion,  it  is  an  inevitable  consequence  that 
rhc  most  acid  material  would  first  l>ecome  plastic.  Hence,  in  all 
ca>er;,  when  not  disturbed  by  abnormal  or  accidental  conditions. 
acid   intrusives   are    found   penetrating  the   less   acid   schists. 
Acid  nuclei,  in  granitic  mountain  districts,  are  surrounded  by 
less  acid  rocks,  and  inclusions  of  the  less  fusible  schists  are 
found  in  the  granitic  mass.     In  all  cases,  whenever  a  single 
ejxKrh  of  metamorphism  is  considered,  the  more  acid  intrudes 
the  less  acid.     In  the  rare  case  of  dikes  more  basic  than  the 
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enclosing  rocks,  they  are  to  be  attributed  perhaps  to  later  dis- 
turbances, at  least  to  disturbances  that  penetrated  to  deeper 
levels  and  involved  rocks  that  are  genetically  isolated  from  the 
rocks  which  they  cut. 

(6)  The  authors  enter  largely  upon  the  examination  of 
the  fragmentary  inclusions  of  the  schists  in  the  protogine,  and 
then  upon  a  description  of  those  extended  ridges  of  gneissic 
schist  which  maintain  their  form  and  direction  over  remarkable 
spaces,  although  embraced  in  the  usual  facies  of  the  protogine. 
As  to  the  former  the  authors  reach  the  conclusion  that  they  are 
masses  detached  from  the  original  schistose  terrane  and  do  not 
result  from:  basic  segregations  from  the  magma  of  the  proto- 
g^me.  With  this  conclusion  there  can  be  little,  if  any  dif- 
ference of  opinion.  In  regard  to  the  latter,  they  find  that 
these  bands  exhibit  evident  insensible  transitions  to  the  pro- 
togine, and  are  very  frequent.  "These  schistose  Intercalations 
are  much  more  frequent  than  has  been  supposed  hitherto,  and 
it  would  be  an  error  to  designate  the  massif  of  Mt.  Blanc  a 
compact  nucleus  of  protogine"  (p.  61).  As  they  are  less  re- 
sistant than  the  protogine  they  are  easily  eroded,  and  give  rise 
to  cols  and  depressions.  The  authors  have  discerned  the  im- 
portance of  the  relations  of  these  extended  bands  to  the  pro- 
togine, in  the  formation  of  any  theory  of  the  genesis  of  the 
massif  of  Mt.  Blanc  itself.  In  the  col  du  Geant  these  schistose 
alternations  appear  with  intervening  protogine  of  differing 
types  (p.  65).  They  reach  the  conclusion  that  they  are  local 
intercalations  of  the  schist  in  the  protogine,  or  true  synclinals 
of  the  overlying  schistose  mantle,  isolated  and  enveloped  in  the 
protc^ne,  but  apparently  sometimes  of  a  rock  somewhat  later 
than  the  schists :  but  a  greater  portion  of  the  inclusions  are  an- 
alogous to  the  crystalline  schists  that  flank  the  protogine.  They 
cannot,  in  any  case,  be  attributed  to  a  dynamic  crushing  of  the 
protogine. 

To  the  writer  these  great  bands  of  less  granitic  rock, 
sometimes  approaching  veritable  schist,  appear  to  be  remnants 
of  the  original  fragmental  terrane,  exhibiting  all  the  transitions 
to  protogine,  and  the  same  modification  in  lithology,  that  are 
exhibited  by  the  mica  schists.  They  are  central  instead  of  mar- 
ginal, with  respect  to  the  protogine,  a  fact  which  may  be  at- 
tributed to  infolding  or  to  some  great  irregularity  in  'the  dis- 
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tribution  of  the  force  that  gave  origin  to  the  general  mctamor- 

phism. 

The  southeastern  flanks  of  the  Mont  Blanc  massif  Ma 
from  the  western.  Here  is  found  a  great  mass  of  add  sdusts* 
characterized  by  satiny  lustre,  and  by  porphyritic  quaitL 
From  the  description  given  this  group  is  plainly  quite  like  cer- 
tain Archean  light  colored  sericitic  schists  which  have  been 
described  in  several  places  in  Canada,  and  in  northern  MiIHl^ 
sota.  They  vary  from  exceedingly  fragile  to  firm  and  dense 
rocks.  They  are  often  distinctly  bedded  by  sedimentary  actkn, 
and  they  also  form  larg«  bands  and  bosses  that  rise  into  ridgci 
or  hills  of  considerable  size  and  endurance,  The>'  frequotfh 
become  strewn  with  quartz  crystals  and  by  ortho<lase.  Thej 
then  resemble  quartz  porphyry,  and  have  sometimes  received 
that  name.*  They  pass,  however,  to  a  more  green  porphyritic 
rock,  more  basic,  but  still  a  part  of  the  schist  series,  and  ah) 
become  a  fine  mica-schist  more  or  less  felsitic.  In  general  dm 
series  is  described  by  the  authors  under  the  term  "porphyrcs 
quartziferes,"  but  they  distinctly  take  note  of  the  intercalatiaa 
of  schistose  rock  and  of  granulyte  (p.  89). 

These  schists  and  porphyries  are  allied  to  the  scfaistoae 
rocks  of  the  Mont  Blanc  region  rather  than  to  the  g^raiute, 
and  between  them  and  the  granite  there  is  no  known  gradual 
passage.     Yet  the  authors  describe  them  from  the  view  point  of 
eruptive  origin,  and  their  schistose  features  they  ascribe  to 
dynamo-metamorphic  crushing.     They  never  contain  vitreous 
matter,  but  quartz  is  developed  as  spongy  grains  embracing  the 
other  elements,  as  vermicular  quartz  and  as  micropegmatytc  by 
entering  into  the  feldspars.     Of  this  secondary  quartz  there  is 
a  copious  development.     According  to  the  authors  these  rocks 
under  dynamic  action  take  on  such  characters  that  they  cannot 
be  distinguished  from  certain  horn  schists,  since  the  mica  is 
drawn  out  and  disposed  in  parallel  trains,  the  qiiartzes  arc 
broken  and  the  parts  lie  adjacent.     In  other  cases  the  feldspars 
are  similarly  broken,  and  the  rock  has  the  aspect  of  a  sericitic 
schist. 

The  chemical  similarity  of  these  rocks  with  the  granitic 
veins,  which  cut  the  granite,  suggests  to  the  authors  (p  109) 
that  they  are  from  the  same  magma,  but  consolidated  in  two 

*A  notable  instance  of  thiB  Is  discussed  by  the  writer  In   Vol.  iv  of  tht 
final  report  of  the  Minnesota  Geological  Suryey,  pp.  525-639. 
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"Jrdifferait  manners — ^a  suggestion,  however,  which   seems  to 
bave  little  validity  since  (p.  87)  they  form  the  cement  of  a 
conglomerate  constituted  of  blocks  and  pebbles  more  or  less 
f  lounded  of  granulyte  and  of  protogine.     There  may,  however, 
f  be  some  error  of  observation  in  correlating  this  conglomerate 
ly  with  the  porphyry  in  general,  since  (p.  110)  the  contact  of  the 
"^  pofphyries  with  the  protogine  is  said  to  be  fresh  and  distinct, 
Imt  often  accompanied  by  intervening  laminated  or  micaceous 
tock,  and  by  the  alteration  of  the  protogine  to  aplyte  and  the 
|r  occurrence  of  great  numbers  of  veins  of  granulyte,  in  the  pro- 
f    togine — features  that  seem  to  indicate  the  later  date  of  the  pro- 
[    togine.     How  it  could  be  done  the  authors  do  not  indicate,  but 
l\  they  assume  that  the  porphyries  (here  included  this  great  series 
[,  of  scricitic  rocks  with  their  variations)  have  been  subjected, 
i   locally,  generallv  and  wholly,  throughout  their  mass  to  dynamic 
I    forces  more  or  less  violent,  which,  .when  intensified,  were  able 
'    to  destroy  and  grind  up  entirely  the  minerals  of  the  first  con- 
^    solidation  and  to  transform  the  rocks  into  true  schists  with  a 
sericitic  detrital  aspect.     Only  calling  to  mind  the  authors'  re- 
jection of  such  a  process  in  the  case  of  the  crystalline  schists 
of  the  western  part  of  Mont  Blanc,  for  the  origination  of 
those  schists  from  the  crushing  of  the  protogine,  it  is  well  to 
state  here  that  according  to  studies  carried  out  on  similar  rocks 
in  northern  Minnesota,  these  rocks  are  of  oceanic  origin,  large- 
ly detrital,  varying  to  graywackcs,  and  that  they  originated 
cotemporaneously  with  others  that  are  now  mica  schists,  and 
that  probably  when   they  are  consecutively  traced   from  the 
southeastern  flanks  of  Mt.  Blanc  they  will  be  found  to  be  insep- 
arable from  the  mica  schists  which  are  penetrated  by  the  gran- 
ite of  Mt.  Blanc,  as  in  the  Val  Ferret   (p.  131),  and  that  in 
general  they  escaped  the  profound  metamorphism  of  the  Alpine 
Archean  by  reason  of  their  geographic  location  with  respect  to 
the  center  of  greatest  dynamic  activity. 

As  has  been  stated,  the  authors  everywhere  recognize  the 
fact  that  the  mica  schists,  the  gneiss  and  the  protogine  (or 
granite)  are  linked  by  insensible  gradations  in  areal  relations 
and  in  petrographic  and  chemical  association  into  one  con- 
tinuous petrologic  series,  the  granite  and  the  schist  being  the 
extremes.  Not  only  are  there  such  interlocking  gradations, 
but  there  are  similar  major  features  that  help  to  form  the  com- 
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mon  chain.  For  instance  (p.  117),  there  are  isolated  lentilks 
of  pegmatyte  in  the  schists,  these  being*  from  one  to  tweht 
centimeters  in  diameter,  and  similar  lentilles  are  developed  in 
the  gneiss,  and  these  are  sometimes  generated  at  considerable 
distances  from  any  known  granitic  mass. 

All  these  minute,  as  well  as  the  grander  alterations  in  the 
schists  of   Mont  Blanc,  the  authors   ascribe  to  two  agents 
which  acted  in  conjunction,  viz:    dynamometamorphisfn  and 
magmatijc  injection.     The  work  is,  in  its  general  condusioiis, 
an  able  contribution  to  the  idea  of  endomorphism  of  intrusive 
rocks  by  the  reaction  of  the  intruded  rock  on  the  intrusive. 
Frequently  the  authors  find  a  bordering  band  of  gndss  or 
gneissic  schist  round  about  the  central  massif.     This  rod  is 
sometimes  classed  as  a  more  perfect  metamorphic  and  sook- 
times  as  a  gneissic  part  of  the  granite  (p.  158).     In  either  case 
the  explanation  is  the  same,  and  in  all  cases  in  which  granitic 
aspects  appear  in  the  schists  they  are  supposed  to  be  due  to  the 
granitizing  effect  of  granitic  injection  in  the  near  vicinity.   In 
other  words  the  interchange  of  rock  material  was  mutual  and 
in  opposite  directions.     The  acid  element  entered  the  more 
basic  schists,  and  the  schists  gave  of  their  iron  and  magnesia 
to  the  granite.     This  process  is  reasonable,  and  in  some  degree 
certain,  given  the  conditions  precedent,  but  it  assumes  that  the 
crystallization  of  the  schists  had  been  produced  anterior  to  the 
appearance  of  the  granite,  instead  of  being  the  accompaniment 
of  it.     It  is  based  also  on  an  initial  presumption  which  is  not 
taken  into  consideration,  but  which  is  more  fundamental.    The 
chemical   difference  between   the  crystalline   schists  and  the 
granite,  from  which  the  authors  derive  tlieir  conclusion  of  the 
different  origins  of  these  two  rocks,  is  local  and  insufficient  for 
their  inference.     It  is  probable  that  the  schists,  considered  en 
bloc,  including  the  sericitic  schists  and  all  the  rocks  associated 
with  them,  would  give,  in  case  of  complete  fusion,  a  magmatk 
rock  identical  or  similar  to  the  granite  of  Mont  Blanc. 

It  seems  to  the  writer,  therefore,  that  there  are  lacking 
certain  links  in  the  argument  for  foreign  origin  of  the  granite. 
On  the  contrary  the  granite  seems  to  have  an  autogenetic 
origin,  because: 

I.  The  widespread  metamorphism  cannot  be  attributed  to 
contact  effect.     It  is  more  of  the  nature  of  regional  metamor- 
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phism.     The  immediate  contact  zone  of  the  schists  is  not  diff- 
erent from  the  schists  at  some  meters  distant  from  the  granite. 

2.  It  is  hardly  in  accordance  with  known  contact  metamor- 
f^sm,  nor  with  any  observed  nor  hypothetical  case,  that  an  in- 
trusive rock  should  impart  to  the  intruded  rock  siliceous  ele- 
ments that  should  arrange  themselves  in  banded  order,  such  as 
seen  in  the  gneisses  and  gneissic  schists  extending  for  such 
distances  in  successive  alternation. 

3.  It  is  impossible  to  believe  that  a  granitic  intrusion 
should  cause  the  formation  by  infiltration  of  siliceous  elements, 
of  a  banded  gneiss  or  of  granite  within  the  schists  at  a  distance 
say  of  a  quarter  of  a  mile  from  the  known  intrusive  rock. 

4.  There  is  an  easier  and  more  natural  explanation  of  the 
origin  of  the  gneisses  and  schists,  by  supposing  them  to  have 
existed  as  sedimentary  strata  of  varying  acidity,  subjected  to 
profound  regional  metamorphism,  in  the  Application  of  which 
were  concerned  both  dynamomietamorphism  carried  to  actual 
plasticity  of  the  fragmental  materials,  "magmatic"  intrusion  of 
some  of  the  fused  materials  amongst  the  parts  not  plastic,  and 
pneumatolitic  transference  of  much  acid  matter  amongst  the 
same,forming  pegmatytes  and  veins.  This  slow  process  was 
the  cause  of  the  total  recrystallization  of  the  fragmental  materi- 
als in  situ,  s6  far  as  the  same  were  not  extruded  as  lavas,  thus 
accounting  for  the  absence  of  vitreous  matter.  This  method  of 
origin  does  not  require  the  extraction  of  so  much  silica  from  the 
mag^atic  granite  and  its  dissemination  amongst  the  schists  as 
to  leave  it  a  basic  rock,  nor  the  loss  of  so  much  basic  material 
by  the  schists  as  to  render  them  acid :  it  only  requires  that  the 
elements  pre-existing  in  the  fragmental  strata  shall  be  heated, 
pressed  and  re-crystallized  in  situ  in  the  presence  of  moisture 
or  rendered  plastic.  The  granite  and  the  schists  and  gneiss 
then  would  date  from  the  same  eix)ch,  and  he  derived  from  the 
same  elements,  differing  in  kind  because  of  the  variability  of  the 
dynamic  force  in  its  geographic  application,  and  because  of  the 
variability  of  the  original  stratified  mass. 

5.  All  the  ascertained  facts,  whether  structural,  chemical, 
petrographic  or  petrologic,  would  find  consistent  causes,  with- 
out resort  to  hypothetical  or  doubtful  processes. 

The  phenomena  that  have  been  studied  by  the  authors  are 
parts  of  a  larger  problem  than  that  they  have  applied  themselves 
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to.  Their  demonstration  of  the  grading  of  the  schists  into 
igneous  rocks  of  various  kinds  is  very  important,  and  such 
gradation  can  hardly  further  be  questioned  by  .geol(^st$. 
Whether  such  igneous  rocks  (granite,  gneiss,  dioryte,  syen)te) 
originated  in  situ  from  pre-existing  rocks,  mostly  detrital,  or 
are  derived  de  profondeur,  entirely  stringers  to  the  rocks  that 
they  are  now  in  contact  with,  is  a  problem  that  remains  to  be 
solved  for  the  Archcan  of  the  Alps.  N.  H.  w. 
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ON  THE  PETROGRAPHY  OF  SHEFFORD  MOUN- 
TAIN.* 

By  John  A.  Drbssbr,  Richmond,  Quebec,  with  Chemical  Analyses  by  M.  Prank 

Connor,  Ottawa,  Ontario. 

PLATE  XXI. 

Explanation  op  Platb. — The  mountains  indicated  on  the  small  map  as 
crossing:  the  St.  Lawrence  valley  are  the  following  in  order  from  left  to  right: 
Mount  Calvaire,  Mount  Royal,  Montarville,  BeloeTl,  Johnson  (which  is  almost 
due  south  from  Beloeil),  Rangemont,  Yomaska,  Brome  and  Sheflord.  Rig^and 
Mountain,  which  is  beyond  the  western  limit  of  this  map,  was  considered  by 
Logran  also  to  belong:  to  the  series,  but  the  recent  researches  of  Mr.  O.  B.  L,e> 
Roy  (Bull.  Geol.  Soc.  Am.  1900,)  render  the  accuracy  of  this  view  extremely 
doubtful. 

The  broad  flat  valley  of  the  St.  Lawrence  river,  which  sep- 
arates  the  Laurentian  highlands  on  the  northwest  from  the 
hilly  region  of  the  Appalachian  uplift  at  the  southeast,  is 
crossed  in  the  latitude  of  Montreal  by  a  line  of  volcanic  hills, 
which  appear  at  intervals  of  ten  to  twenty  miles  and  rise  to 
hights  varying  from  seven  hundred  to  twelve  hundred  feet 
above  the  surrounding  country.  Their  igneous  origin  and  in- 
trusive relations  have  long  been  known,t  the  best  known  be- 
ing Mount  Royal,  which  gives  its  name  to  the  city  of  Mont- 
real at  its  foot. 

The  most  easterly  member  of  this  series  (see  map)  is  the 
elevation  known  as  the  Shefford  mountain,  which  covers  an 
area  of  rather  less  than  nine  square  miles  in  the  county  of 
Shefford  about  fifty  miles  east  of  the  city  of  Montreal,  and 

*  Published  with  the  permission  of  the  Director  of  the  Geological  Survey  of 
Canada. 

fSiR  W.  B.  Logan  and  Dr.  T.  Stbrrt  Hunt,  Geology  of  Canada,  1863,  d. 
65S,  and  also  in  earlier  reports. 

Dr.  R.W.Bi<ls.  Annual  Report,  Geologrical  Survey  of  Canada,  1894,  part  3; 
Dr.  p.  D.  Adams,  Remarks,  p.  74.  ibid. 

Canadian  ^'Record  ofScfencer  Vol.  VIII,  No.  2. 
A  monograph  on  Mount  Johnson,  of  this  series,  which  will  soon  appear 
from  the  able  pen  of  Dr.  Adams,  will  be  looked  for  with  much  interest  by  petro- 
graphers. 
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rises  nearly  twelve  hundred  feet  above  the  snmxm'Iin^  ceo- 
trv  or  about  sixteen  hundred  feet  above  mean  sea  levd 

With  the  Izrger  and  adjacent  mass  of  Brome  mountain. 
which  work  in  progress  shows  to  belong-  to  the  same  series. 
Shefford  mountain  lies  well  within  the  folded  belt  of  the  Ap- 
palachians, though  owing  to  the  extensive  denudation  tram 
which  the  region  has  suffered,  this  fact  has  little  if  anv  dis- 
cernible influence  on  the  topography  of  the  immediate  local- 
ity.    The  scdimentar)'  strata  which  surround  the  mountaia 
have  l)een  shown  to  be  of  Siller>'  C Lower  Cambrian)  and  Low- 
er Trenton  age.    They  are  found  to  wrap  around  the  igneous 
mass  of  the  mountain  mantling  it  with  a  hardened  contact 
zone  to  a  flight  of  three  hundred  to  one  thousand  feet  above 
the  surrounding  countr\%  according  to  the  direction  of  glacia- 
tion.     Above  the  latter  hight  the  mountain  rises  upwards  of 
two  hundred  feet,  the  summit  being  capped  by  an  outiier  of 
Trenton  slate  about  a  quarter  of  a  square  mile  in  extent.  This 
l)rescrvcs  the  cleavage,  dip  and  strike  of  the  similar  rock  at 
vithor  side  of  the  mountain,  and  is  penetrated  by  dykes  from 
the  nndcrlying  igneous  rocks. 

I'rom  these  facts  together  with  the  absence  of  tuffaceous 
material,  and  the  general  arching  of  the  strata  around  the 
mountain,  it  is  inferred  that  Shefford  mountain  is  an  uncov- 
iTcd  laccolith  rather  than  the  denuded  neck  of  a  once  active 
volcano.  It  is  also  evident  that  the  depth  attained  by  erosion 
in  this  i)art  of  the  St.  I--awrence  valley  cannot  have  been  less 
than  twelve  hundred  feet,  and  may  have  been  much  more.  Its 
niaxinuini  does  not  seem  to  admit  of  anyver^"  reliable  means 
of  computation.  The  restoration  of  the  folds  of  the  strata, 
which  are  alti^gethcr  woni  down,  would  be  the  natural  method 
of  investigati(Mi,  hut  the  strike  of  cleavage,  coinciding  with 
that  of  the  bedding,  while  the  dip  of  the  two  is  probably  ven* 
ililTerent.  so  far  complicates  the  question  as  to  seeming;y 
prcchule  the  possibility  of  any  but  the  most  hypothetical  cal- 
culatit>ns. 

In  the  ipieous  mass  three  classes  of  rocks  wb^se  S-fvf 
rcl:iti(Mis  show  them  to  be  products  of  as  many  separate  ;^r- 
iiMls  oi  irruptivMi  (map")  are  easily  distinguished.  Ther  zrt  r 
onier  (»t  intrusion,  essexvte.  nordmarlote.  and  r^iliskvit 
riuir  comparative  inineralogical  composition  mav  be  sbr-vr 
as   follows : 
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Essexyte.  This  is  a  rather  coarsely  crystalline  rock  of  a 
dark  gray  color  and  weathering  to  a  rusty  brown.  On  a  fresh 
fracture  feldspar  is  seen  to  be  slightly  the  most  abundant  con- 
stituent, and  by  the  aid  of  the  lens  part  of  it  can  be  seen  to  be 
striated  and  hence  triclinic.  A  black  or  dark  brown  horn- 
blende is  the  most  conspicuous  of  the  dark  colored  constit- 
uents. This  varies  considerably  in  amount  and  in  some  of 
the  contact  phases  makes  up  fully  half  the  rock,  but  in  general 
it  is  quite  subordinate  in  proportion  to  the  feldspar.  In  parts 
of  the  rock  considered  typical  it  is  also  exceeded  in  quantity 
by  a  light  colored  augite,  and  brown  mica  is  quite  abundant. 
A  mechanical  separation  of  the  rock  was  made  by  Mr.  O.  E. 
LeRoy  at  the  petrographical  laboratory  of  McGill  University 
which  gave  the  following  results  regarding  the  feldspars — 
when  the  specific  gravity  of  the  Thoulet  solution,  which  was 
employed,  was  reduced  from  2.689  to  2.651  much  feldspar 
fell;  between  2.651  and  2.562  much  also  fell,  part  turbid  and 
part  clear  grains;  between  2.583  and  2.524  a  smaller  amount, 
all  turbid.    There  were  no  lighter  constituents. 

Grains  from  each  of  these  specimens  were  mounted  and 
ground  for  microscopic  examination.  The  first  was  found  to 
be  rather  broadly  striated  and  to  have  an  extinction  angle  as 
high  as  36*  measured  on  the  albite  twinning  lamellae.  These 
are  accordingly  classed  as  labradorite.  The  second,  in  which 
the  twinning  lamellae  are  finer,  showed  only  very  low  angles 
of  extinction  in  the  clear  grains,  which  are  referred  to  oligo- 
clase-andesine.  The  turbid  grains  of  this  weight  are  found  to 
be  either  zeolitized  labradorite  or  composite  grains  of  ortho- 
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clase  and  a  heavier  constituent.  The  lightest  constituent  was 
found  to  be  unstriated  feldspar  presumably  all  orthoclase.  It 
fell  in  smaller  amount  than  either  of  the  others. 

In  the  thin  section  of  the  rock  the  labradorite  is  found  in 
better  formed  crystals,  but  in  smaller  amount  than  the  olifi;o- 
clase-andesine,  while  orthoclase,  which  can  often  be  distin- 
guished by  its  incipient  alteration,  is  the  least  abundant  of  the 
three  feldspars. 

Augite  is  colorless  and  without  pleochroism.  It  shows 
characteristic  cleavage,  nearly  right  angled,  and  extinction 
angles  as  high  as  45*. 

Hornblende  is  brown  varj'ing  in  shade  from  deep  chest- 
nut to  yellowish.  It  is  trichroic,  the  scheme  of  absorption  b^ 
ing  c  >  b  >  a.  The  greatest  angle  of  extinction  that  was 
observed  c  A  c  was  27'. 

Biotite  in  some  instances  is  intergrown  with  homeblendc, 
and  in  others  encloses  numbers  of  augite  crystals  promis- 
cuously arranged,  thus  giving  an  excellent  micro-poikilitic 
structure. 

The  structure  of  the  rock  is  hypidiomorphic  and  the  order 
of  crystallization,  the  normal  one  for  plutonic  rocks.  The 
fcrromap^nesian  minerals  enclose  the  basic  accessories  and  are 
tluMiisdvcs  generally  of  an  earlier  order  of  crystallization  than 
the  feldspars.  Of  the  latter  the  labradorite  has  cr}-stallized 
earlier  than  the  oligoclase-andesine  and  both  are  cemented 
toj^^etlier  by  orthoclase. 

'i1ie   rock  thus  agrees  essentially  with   the   characters  of 

tlic  esscxyte  group,  a  near  analogue  probably  being  the  aiignte 

<]iorytc  of  Rosita  Hills.  Colorado,*  described  by  Cross  rXMI, 

An.  Rep.  V.  S.  G.  S).     A  specimen  of  essexyte  from  Salem 

Neck.  Massachusetts,  kindly  given  me  by  Mr.  J.  H.  .Sears  of 

llic  .^aleni  Academy  of  Sciences,  agrees  completely  with  some 

of  the  darker  and  more  hornblendic  portions  of  the  Shefford 

mass. 

TIm^  followiiip  aro  the  results  of  (I)  analysis  of  a  specimen  from 
MfjrriHJ-au's  quarry,  Shefford,  which,  judging  from  the  microscopic  evi- 
(l<'n{r<\  is  prol)al)ly  the  most  acidic  part  of  the  intrusion ;+  (II)  Aupite- 
<lioryte,  Rosita  Hills.  Colorado;  (III)  Essexyte,  Rangstock,  Bohemii 

•Tills  ha«  been  included  by  Prof.  Roaenbusch  in  the  essexyte  gTOtlp.—'■E^^ 

tnente  (it'stcinslfhrc," 

I  \  few  sni.Mll  j^rnins  of  quartz  were  found   in  a  section  from  this  specimes. 
the  only  quartz  that  hns  been  found  in  this  rock. 
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(cited  by  Rosenbusch,  loc.  cit.);  (IV)  The  original  Essexyte,  Salem 
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Nordmarkytc,  This  rock  was  described  under  the  head 
of  granitoid  trachyte  by  Logan  (Geology  of  Canada,  1863,  p. 
653)  as  "being  made  up  in  a  great  part  of  a  crystalline  feld- 
spar, with  small  portions  of  brownish  black  mica,  or  black 
liomblende,  which  are  sometimes  associated.  The  proportion 
of  these  minerals  is  never  above  a  few  hundredths,  and  is  often 
less  than  one-hundredth.  The  other  mineral  species  are  small 
brilliant  crystals  of  yellowish  sphenc,  and  others  of  magnetic 
iron,  amounting  together  probably  to  one-thousandth  of  the 
mass." 

To  the  essential  minerals  there  should  be  added  a  nearlv 
colorless  augite,  which  commonly  equals  the  hornblende  in 
amount  and  is  a  rather  more  persistent  constituent  of  the  rock. 
The  feldspar  is  almost  wholly  a  microperthite,  which  as  the 
following  analysis  by  Hunt  (Geology  of  Canada,  1863,  p. 
476)  shows,  answers  approximately  to  an  isomorphous  mix- 
ture of  albite  and  orthoclasc  molecules  in  the  proportion 
of  3 : 2. 

I.  Feldspar,  Shefford.     Analysis  by  Hunt. 

II.  Kryptoperthite,  Laurvik,  Norway.    Analysis  by  Emelin,  Syonit- 

pigmatitganfje.  p.  524. 

III.  Anorthoclase,  Marblehead   Neck,  Mass.      Analysis  bv   Chetard, 

Bull.  Mus.  Comp.  Zool..  XVI. 

IV.  .\pproximate  theoretical  composition  of  feldspar  having  the  form- 

ula Aba  Oro. 
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Ridge  trachyte  of  the  Rosita  Hills.  Colorado.  Hornblende  ia 
this  rcick  is  chiefly  j^een  in  oniinar\'  li!2;'ht  a5  seen  in  the  ±in 
section,  though  a  tew  of  the  largest  crystals  are  brown  re- 
-^emhling  the  hornblende  of  the  essexyte,  while  the  pneec  is 
like  that  of  the  nordmarkj-te.  B«>th  are  trichn>ic  with  the  ssnt 
scheme  of  absorption,  viz. :  c  >  b  >  a  and  extinctioo  angfcs 
as  high  as  26' -27'  have  been  observed  in  sections  in  liie  r.oe 
of  the  clinopinacoid.  Augite  when  present  is  of  the  C'M'T!es§ 
variety  described  before. 

Hiotite  occurs   in   large  individuals   but   is   on  the  wh-'Ie 
less    abundant    than    hornblende.      The    groun^lmass   consifts 
chiefly   of   short    rather   stout   prismatic    sections   of  fel^isfor 
which  have  a  [)arallel  extinction  and  are  packed  togeLher  in 
a  close  and  nearly  parallel  arrangement,  with  a  little  all'i^rio- 
moryjhic    feldspar   in    the   interstices.      A    little    undetenniiKd 
matter   «^)ccurring    interstitially   amongst    the     feldspars    was 
thought  to  \)C  altered  nepheline.     It  may,  however,  be  only 
kaoh'nized  orth''Klase.     A  few  striated  sections  appear  whidi 
extinguish  at  low  angles  with  the  twinning    lines     and    are 
pr'-.hably  oligoclase.     They  are  unimportant  in  amount.    The 
texture  of  the  feck  was  found  too  fine  to  admit  of  a  mechan- 
ical  separation. 

Its  niineralo^^ical  and  structural  characters  at  once  suggest 
the  aflinity  of  this  rock  to  pulaskyte,  first  described  by  Mr. 
I.  V.  Williams*  from  Arkansas,  a  view  that  is  also  corrobc*- 
rated  hv  the  results  of  its  chemical  analysis.  In  the  hand  speci- 
mens it  is  generally  somewhat  lighter  in  color  and  finer  in 
texture  than  the  specimen  of  pulaskyte  in  the  educational  ser- 
ic"^  cti  th.e  I'nited  States  Geological  Sur\'ey  at  the  petrograph- 
ical  laboratory  of  McGill  University,  and  judging  from  the 
fAi])li>licd  description  it  is  ver}'  similar  to  the  porphyritic 
<ycrn\tc  from  Saline  county,  Arkansas.*  This,  however,  wa> 
considered  by  Williams  as  scarcely  to  be  distinguished  from 
puK-uskyte.  rjccu])ying  the  same  position  amongst  the  igneous 
rocks  of  Saline  county  that  pulaskyte  holds  at  Fourch  moun- 
tain. 

A  varietv  of  this  rock  in  which  hornblende  and  ausrite  are 
replaced  by  a-t^j^erine-augite  approaches  ver^*  closely  to  the  soT- 

•"The  Ijincous  Rocks  of  Arkansas,"  J.  F.  WiLLlAMR.      An.  Rept.  Geological 
Survey  of  Arkunsns,  Vol.  II,  1S90. 

+  II>i*.l,  p.  14-0  .'Jiid  scij. 
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vsbergyte  tyf>e.  It  is  apparently  closely  related  to  the  acmite- 
trachyte  of  Profs.  Wolflf  and  Tarr.  (Bull.  Mus.  Comp.  Zool., 
Cambridge,  1893)  afterwards  re-named  by  Prof.  Wolff  as 
tinguayte,  var.  solvsberg\'te.  In  that  rock,  however,  the  bi- 
silicates  are  in  the  form  of  aegerine  and  augite  intergrown,  in- 
stead of  a  single  mineral  of  intennediate  composition  as  at 
Shefford. 
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I.  Pulaskyte,  Shefford.     AnalvBis  by  Connor. 

II.  Pulaskyte,  Foiirch   Mountain,  Arkansas.      Analysis  by  Brackett 

and  Smith. 

III.  Umptekyte,  Red  Hill,  Moultenborough,  New  Hampshire.     Cited 

by  Rosenbusch,  loc.  cit. 

IV.  Sol  vsbergyte   lAcmite  Tracheyte),  Shield's  River,  Crazy   Moun- 

tains, Montana.      Analysis  by   Melville.     Described  by  Wolff 
and  Tarr. 

Contact  Fades. 

The  endomorphic  contact  facics  of  each  of  these  rocks  is 
marked  by  an  increase  in  the  proportion  of  the  fcrromagnesian 
constituents  and  the  appearance  of  ncpheline  and  sodalite 
amongst  the  accessory  constituents.  The  essexyte  thus  be- 
comes a  very  dark  rock  of  which  hornblende  alone  sometimes 
makes  up  about  one-half  a^ul  frequently  approaches  very 
nearly  to  the  character  of  theralyte.  The  nordmarkyte  shows 
also  a  great  increase  of  the  basic  constituents,  especially  bio- 
tite.     The  feldspar  tu)  changes  from  microperthite  to  krypto- 
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thousands  of  feet,  and  in  similar  zones  the  separation  of  dif- 
ferent beds  is  almost  as  great,  yet  the  biological  expressioa 
is  not  extremely  contrasted  throughout  and,  as  the  Frendi 
translator  of  Matthew's  paper  has  remarked*  ( Soc.  Mai.  dc 
Belgique;  Ann.  4th,  1888,  p.  552),  the  lowest  beds  holdii^ 
the  earliest  trilobites  offer  no  significant  evidence,  in  thdr 
trilobitic  remains,  of  embr\'onic  or  formless  stages  of  d^ 
velc^ment.  That  is  while  lar\'al  conditions  may  appear  they 
are  stages  in  an  indi\4dual  life  histor>',  not  fixed  preparatiTe 
stages  in  the  development  of  a  phylum.  *  It  is  logical,  or  at 
any  rate  natural  to  assume  that  throughout  the  long  periods 
of  time  antecedent  to  the  Cambrian  age  these  preparativt 
stages  were  evolved  and  completed,  but  as  a  matter  of  con- 
temporaneous geological  history  they  have  not  yet  been  dis- 
covered, and  possibly,  from  their  perishable  nature,  cannot 
be.  The  trilobites  of  the  Cambrian  in  their  numerical  abund- 
ance, their  very  considerable  specific  variation,  their  sudden 
appearance  in  the  paleontological  series,  and  their  apparent 
chronological  isolation  justify  the  characterization  of  a  U- 
ological  crisis.  The  only  way  to  throw  light  upon  this  prob- 
lem is  to  consider  the  circumstances  of  similar  biological 
multiplications  and  intensity  in  living  faunas. 

It  would  seem  certain  that  the  trilobites  enjoyed  an  al- 
most complete  immunity  from  those  accidents  which  today 
devastate  the  young  broods  of  crustaceans,  while  the  almost 
infinite  resources  of  multiplication  with  which  this  phylum  is 
endowed  permitted  unrivalled  opportunity  for  propaga- 
tion and  distribution.  Profs.  Sars  and  Boeck  have 
pointed  out  the  numerous  dangers  to  which  the  young  lobster 
is  exposed  and  which  must  necessarily  greatly  reduce  the 
total  numerical  maximum  attainable  by  that  animal.  The 
young  lar\'al  lobster  suffers  from  the  attack  of  fish,  the  en- 
tangling effect  of  sea-weed,  the  injurious  physical  character 
of  the  coast,  whither  currents  may  transport  them,  sudden 
changes  of  teniperature,T  and  impaired  vitality  from  abrupt 
or  (lela\ed  discharge  from  the  parent. 

•There  can  be  of  course,  no  demurrer  to  the  condnsion  that  ns4uij  ircBen 
t>f  Cambrian  trilobites.  i)erhaps  the  more  common  and  fccneraJlj  noted,  reprr- 
sent  protaspic  stages  in  more  advanced  and  later  erolved  jsenera.  bnt  as  found 
thev  arc  mature  defined  and  individualized  genera.  Dr.  Beecher  ha«  indeed  taid 
that  the  Opisthoparia  i  Conocoryphidae,  Olenidae,  Asaphidae  L.ictaadidae.  etc.) 
prob.ibly  culminated  durin;;  the  Cambrian. 

+  Although  in  1W79  lobstera  with  roe  were  sncceasfaHy  transported  to  tbr 
west  const   and   "had  with  them  over  a  million  tggn  nearly  ready  to  hatch." 
nits  have  apparently  flowed  from  the  experiment. 
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and  furnished  an  tinlimited  food  supply  to  the  somdxyw  rap- 
idly advanced  type  of  crustacean  life.* 

Granted  that  the  food  supply  was  abundant  Scmpcr's 
statement  directly  applies.  He  says  (p.  65)  "it  is  self-evident 
that  an  optimum  of  nutrition  can  alone  insure  the 
normal  functions  of  all  the  organs;  if  it  does  not 
attain  the  optimum,  the  functional  activity  of  all  the 
organs  is  impaired;  modifications  at  the  same  time  occnr 
in  their  structure,  t.  e.,  the  animals  grow  leaner  because  in- 
capable of  exercising  their  sexual  functions,  etc."  The  sex- 
ual powers  of  the  Cambrian  trilobite  so  far  as  food  strength- 
ened or  increased  them  were  probably  well  developed. 

Temperature  was  propitious.  It  has  been  over  and  again 
demonstrated  that  warmth  vitalizes  the  generative  functions. 
There  is  a  wide  range  of  differing  capacitv'  in  this  respect  in 
animals,  and  the  familiar  term  eurythermal  has  been  applied 
to  those  organisms  which  endure  contrasted  temperatures. 

But  the  fact  is  almost  universal  that  heat  is  stimulating 
and  helpful,  to  animal  life  and  its  functions.  It  has  been  ob- 
served that  snails  of  the  warm  Mediterranean  region  are 
quickly  brought  to  sexual  maturity  and  that  "species  of  the 
same  genera,  perhaps  even  the  same  species,  in  damp  and 
cold  climates  do  not  produce  a  new  generation  until  they  are 
fully  grown  while  in  the  dry  warm  region  of  the  Mediter- 
ranean they  have  produced  two  generations  before  they  are 
fully  grown"  (Semper).  Semper  has  himself  observed  that 
the  larvcT  of  Branchipus  and  Apus  hatched  out  in  less  than 
twenty-four  hours  at  a  temperature  of  30*  Cent.,  but  at  16'- 
20°  they  re(juired  some  weeks. 

Today  our  shore  crustaceans  require  the  warmth  of  sum- 
nuT  to  bring  their  powers  of  fecundation  into  activity,  but  it 
can  readily  Ix*  understood  that  the  Cambrian  trilobite  in  an 
c'fiuable  and  hot  climate,  such  as  in  all  probability,  and,  as 
ahnost  universally  recognized,  prevailed  at  that  period,  may 
have  excluded  two  broods  or  more  in  the  seasonal  vear.  while 
the  rajndity  of  development  of  the  larvae  into  mature  fomis. 
and  their  early  acquirement  of  sexual  activity  may  have  still 

♦The  omnivorous  propensities  of  the  modeni  crayfish,  hare  been  character- 
ized by  Iliixky,  "tew  things  in  the  way  of  food  arc  amiss  to  the  crarfisb:  Ht- 
idp  or  (lend,  fresh  or  carrion,  animal  or  veg:ctable.  it  is  all  one.'*  Trilbbites  are 
not  crayfi«<h,  but  it  is  reasonable  to  infer  that  the  elements  of  nutrition  in  the 
whole  j^ronp  of  Crustacea  are  not  dissimilar  thronghoat. 
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further  reinforced  the  numerical  results.  It  was  a  time  when 
as  at  the  Philippine  Islands  today,  true  periodicity  had  dis- 
appeared, and  ^gs,  larvae,  and  propagating  individuals  may 
have  been  found  at  all  times. 

The  remaining  faictors  that  might  have  influenced  the 
successful  development  of  trilobites  in  the  Cambrian  seas 
were  water  motion,  currents,  land  movements,  and  living  sur- 
roundings. 

The  prevalence  of  high  waves,  the  rushing  in  and  out  of 
heavy  volumes  of  water,  would  have  been  extremely  detri- 
mental to  the  lives  and  propagation  of  crustacean  animals  if 
they  were  exposed  to  its  mechanical  violence  and  its  accom- 
paniment of  moving  stones  etc.  But  the  evidence  points  to 
the  occupancy  of  shallow  shores  or  basins  by  the  Cambrian 
trilobites  and  those  generally  of  a  sandy  or  muddy  nature, 
in  which  no  disturbances  inimical  to  their  quiet  and  contin- 
uous existence  appeared.  The  conditions  of  a  slowly  advan- 
cing or  receding  sea  (vide  Chamberlain,  Jour,  of  Geol.,  Vol. 
VI,  p.  449)  permitted  their  enormous  multiplication  along 
the  thermally  benign  coast  areas,  while  the  absence  of  rapid 
or  destructive  currents  seems  certain  from  the  usuallv  con- 
formable  and  exact  lamination  of  the  beds  where  the  trilo- 
bites occur  in  large  numbers. 

Finally  their  living  surroundings  were  almost  invariably 
favorable,  food  was  abundant  and  enemies  absent.  Their 
specific  and  generic  variations  are  not  so  easily  explained. 
They  certainly  point  to  an  inheritance  of  characters  developed 
far  back  of  the  Cambrian  day,  characters  also  quite  deeply 
established,  and  ineffaceable  by  interbreeding  or  pan-mixia. 

The  Cambrian  faunal  trilobite  expression  is  that  of  a  broad 
anterior  shield  more  or  less  genally  extended,  a  conoid  head, 
an  extended  series  of  pleural  segments,  and  a  reduced  or  absent 
pygidium.  Their  separation  into  species  and  even  genera  sug- 
gest inherited  anomalies  in  their  evolution  from  the  annelid 
(Bernard),  and  even  point  to  divergent  origins  from  differing 
annelid  types.  Bernard  (Quar.  Jour.  Geol.  Soc.,  Vol.  50)  has 
described  trilobites  "as  fixed  specialized  stages  in  the  evolution 
of  the  Crustacea  from  an  annelidan  ancestor,  which  bent  its 
mouth  round  ventrally  so  as  to  use  its  parapodia  as  jaws."  Now 
it  seems   inconceivable  that  if  evolution   brought   about   this 


220  The  American  Geologist.  ^^^*  ^ 

change  a  single  individual  annelid  or  one  restricted  fonn  of 
annelid  started  the  process.  However  conceived,  a  number  of 
forms  or  annelidan  individuals  gradually  began  this  curious 
change,  and  it  can  be  safely  emphasized  that  such  a  change 
was  not  begun  under  the  impulse  of  natural  selection,  since 
the  turning  under  of  two,  three  or  four  segments  (somites)  of 
a  worm-like  organism,  so  as  to  bring  its  mouth  against  its  ven- 
tral surface  would  hardly  prove  a  favorable  |x>sition  for  com- 
petition with  more  extended  and  pliant  congeners. 

If  the  inflection  of  the  annelid  body  began  at  several  dis- 
tinct localities  simultaneously  the  stages  of  evolution  may  not 
always  have  been  the  same ;  were  not  likely  to  be.  And  if  this 
was  so,  there  seems  to  be  no  need  of  presupposing  even  a  geo- 
graphical connexion  between  separated  geological  areas,  hav- 
ing similar  species  of  trilobites;  as  the  evolutionarv'  stage 
might  have,  must  have,  eventuated  at  many  places  or  more 
than  one  place,  at  .the  same  time.  The  h>'pothesis  of  a  single 
annelidan  ancestor  for  the  trilobites,  or  even  many  identical 
ancestors  seems  inadvisable,  and  the  hypothesis  of  a  single 
center  of  origination  and  distributic«i  even  more  so. 

But  examining  the  Cambrian  trilobites  the  impression 
deepens  that  the  influence  of  environment  and  habits  is  dis- 
cernible, and  that  in  the  case  of  DikelocephcUiis,  Aglas/ns,  and 
Crepicephalus,  something  like  natural  selection  is  hinted  at. 
For  in  the  first  instance,  that  of  the  influence  of  environment 
and  habits,  it  is  seen  in  the  assumption  of  the  broad  cephalic 
and  genally  rounded  shield.  The  first  form  of  the  cephalon  of 
the  involuted  worm  would  naturally  have  been  in  an  inflated 
rhombic  outline  and  the  gradual  development  of  an  expanded 
crcscentic  and  more  flattened  shield  an  adaptation  to  its  new- 
habits  and  new  surroundings.  It  is  further  safe  to  assume 
that  the  evolution  of  a  trilobite  from  a  worm,  began  in  the 
larval  stages  of  the  latter  in  order  to  preclude  the  almost  im- 
possible thought  of  a  fixed  mature  organism  undergoing 
changes  that  would  so  react  on  its  own  embryc4ogy  as  to  es- 
tablish there  a  new  series  of  metamorphoses.  Take  for  in- 
stance the  larval  stage  of  the  worm  Polygordius,  when  from 
the  enlarged  cephalic  mass  the  segmented  body  elongates,  does 
not  a  condition  supervene  which  might  readily  give  or  has 
given  rise  to  a  trilobitic  phase? 
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However  that  might  be  the  primordial  trilobites  seem,  as 
the  earliest  crustaceans,  a  good  illustration  of  the  influence 
of  environment.  They  lived  in  shallow  seas,  along  sandy 
shores,  and  occasionally  in  muddy  and  calcareous  slimes.  But 
in  their  motion  over  the  sea  bottoms  or  their  occasional  ex- 
cursions into  deeper  water  they  constantly  encountered  an  op- 
posing pressure  and  the  effect  of  mechanical  resistance,  in 
accordance  with  the  principles  of  histological  modifications 
enunciated  and  established  by  Ryder,  would  have  hastened  the 
gfrowth  of  the  trilobitic  head-shield.  Ryder  has  written  of 
the  hard  exoskeleton  of  chelonians  and  armadilloes,*  "the  or- 
igin of  dermal  ossifications  is  to  my  mind  rationally  explained 
by  supposing  the  bioplasm  of  each  dermal  cell  as  sensitive  and 
irritable  to  rude  or  violent  external  impacts,  which,  oft  re- 
peated, act  as  stimuli  of  growth  force,  determining  certain 
tracts  of  these  celb  as  the  nidus  within  which  osseous  par- 
ticles eventually  appear  as  nuclei  of  the  future  defensive  der- 
mal bony  system."  The  same  theorem  has  received  discus- 
sion in  Prof.  Cope's  well  known  address  on  "Relation  of  An- 
imal Motion  to  Animal  Evolution,"  and  a  capital  illustration 
of  one  phase  of  it  is  found  in  the  strengthened  lateral  teeth 
in  the  plates  of  Chitons  exposed  to  the  mechanical  violence  of 
waves.     (See  Pilsbr>'.) 

The  chattige  from  a  creeping  habit  to  a  swimming  one 
would  have,  in  accordance  with  this  law,  developed  a  harden- 
ing chitinous  envelope  over  the  head  parts  of  the  metamor- 
phosing annelid,  wherever  the  stimulating  effects  of  pressure, 
against  water,  sand,  or  mud,  were  felt.  Environment  and 
habit,  on  the  assumption  of  an  annelidan  origin,  must  have  had 
a  sensible  influence  in  producing  primarily  the  crcscentic 
shield-shape  of  the  trilobites  glabella. 

Natural  Selection  may  have  played  some  part  in  the  rapid 
extermination  of  DiccUocephaUis,  Aglaspis  and  Crepiccphalus. 
They  are  found  with  an  extremely  limited  range,  and,  in  the. 
appreciable  vertical  distribution  of  Dicclloccphahis,  the  occur- 
rences are  sporadic.  Broad  expanded  shields  or  blunt  shoul- 
dered ones  would  have  generally  proved  unfavorable  to  con- 
tinued existence  along  a  stormy  or  tide  invaded  coast.  In 
the  former  case  their  owners  in  shallow  water  would  have  been 

*On  like  Mechanical  Conditions   as  producing  like  Morphological  Eflfects. 
Amer.  Nat.,  1878,  p.  157. 
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readily  overturned  and  drifted  up  upon  the  beach,  and  the  dif- 
ficulty of  returning  to  their  normal  position  increased  by  the 
flatness  and  width  of  their  frontal  carapace. 

Today  the  awkward  and  prolonged  efforts  of  a  LimtilTis 
to  return  to  its  normal  position  when  upside  down  are  finaDy 
rendered  successful  by  the  assistance  of  its  telson.  It  can  be 
pointed  to  as  illustrating  an  effectual  line  of  develc^mcnt 
which  might  have  assisted  the  primordial  trilobites,  viz.,  flat 
and  sloping  heads,  features  absent  in  Dicellocephalus,  Aglas- 
pis,  Chariocephalus,  Crepicephalus  &c. 

.\gain  it  seems  probable  that  the  extended  pleural  s^pments 
of  the  primordial  trilobites  were  correlated  with  a  weak  artic- 
ulation. This  early  crustacean  failed  in  rigidity  and  coher- 
ence. It  fell  apart  easily  upon  impact  or  collision  or  expos- 
ure. The  line  of  favorable  development  in  this  case  which 
would  have  strengthened  the  trilobite  was  in  the  direction  of  a 
shortened  thoracic  extent  and  an  increased  pygidium.  But 
the  surfaces  of  attachment  for  tgg  sacs  were  multiplied  in  the 
Cambrian  multi-pleural  forms  and  the  intensity  of  multipli- 
cation was  thereby  augmented. 

From  the  earlv  Cambrian  Olenellus  and  the  Paradoxides 
through  Conocor>phe  and  Ptychoparia  etc.,  to  the  Agnostns. 
lUaenus  etc.,  there  is  an  evident  relative  shrinkage  in  the  cepb- 
aHc  shield,  a  condensation  of  the  pleurae,  a  loss  of  pletiral 
spines,  a  growth  of  the  pygidium,  all  organic  xnovements  in  the 
direction  of  strengfth  and  solidity.  Environment  and  habit  and 
selection  play  oil  important  parts  in  aiding  a  determined  dcrcl- 
opniont.  but  the  remarkable  and  overshadowing-  importance  of 
crustacean  life  in  the  Cambrian  day  must  have  resulted  free 
an  optimum  in  the  conditions  then  favorable  to  their  growtL 
aiul  from  the  ease  also  with  which  evolutiooarx-  processes 
ionno\l  them  from  an  annelidan  ancestor. 

riiis  latter  observation  deserves  a  moment's  clearer  cc-nsrd- 
*  t rat:  Ml.  The  development  of  a  trilobite  from  an  anne!:  i  Trrci; 
iMvo  'xHMT.  b.r.manly  speaking,  a  more  natural  and  i:.<^ce  * 
rr.oro  r.r.iok')  coir.pleted  change  ihan  thai  of  a  brachior»>f  rryz 
:'::o  >a:r.<.  ■  ripnal  organism.  If  such  evol-jtionary  prxfssei 
'  v  i:.!!'  a:  ::.o  sair.e  time,  at  a  given  period,  subseqnert  !i>  ner 
:  ::.  ::c  :r:!M:e  phylum  might  have  been  r::r3Kr:c«J' 
cr.u  "..  when  as  yet  tlie  brachiopodoas  life  hsc  fonnf: 
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but  slightly.  In  the  evolutionary  change  from  one  organic 
form  to  some  possible  organic  deduction  from  it,  the  gener- 
ative organs  are  probably  the  last  to  become  fully  habituated 
to  an  altered  form  and  nature.  There  would  certainly  be  less 
violent  change  from  the  generative  functions  of  a  worm  to 
those  of  a  trilobite  than  from  the  same  to  those  of  a  brachio- 
pod,  and  along  some  line  of  elucidation  like  this  we  may  par- 
tially explain  the  early  preponderant  profusion  of  trilobitic 
forms. 

Another  instance  of  a  biological  crisis  is  the  abundance  of 
lamellibranch  remains  in  the  Upper  Devonian  in  the  Hamil- 
ton and  Chemung  rocks  of  New  York.  There  is  presented  in 
the  New  York  Hamilton,  an  extraordinary  development  of 
lamellibranchs  exhibiting  a  marked  and  almost  sudden  dis- 
play of  genera  which  continues  with  an  increased  numerical 
intensity  and  a  noticeable  similarity  of  types  into  the  Chemung, 
to  be  practically  obliterated  in  the  Lower  Carboniferous.  The 
phenomenon  seems  also  to  distinguish  an  optimum  of  condi- 
tions for  growth  and  variation,  and,  as  in  the  case  of  the  tril- 
obites,  must  have  resulted  from  a  conjunction  of  a  favorable 
environment  and  vital  force.  There  is  certainly  a  well  marked 
development  of  bivalves  in  the  Devonian  and  along  with  the 
appearance  of  new  genera,  a  multiplication  of  species  and  an 
immense  increase  in  individuals. 

In  the  studies  of  paleozoic  lamellibranchs  so  carefully  pre- 
pared of  the  N.  Y.  Geological  Survey,  though  unfortunately 
incomplete,  a  tabulation  of  the  species  from  the  different  geo- 
logical horizons  from  the  Schoharie  to  the  Waverly  affords 
this  interesting  summary: 
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The  showing  of  species  for  the  Waverly  is  misleading".  In 
the  Preface  (Vol.  V,  pt.  i.)  the  authors  (Drs.  Hall  and 
Beecher)  explain  the  comparatively  few  species  from  this  hori- 
zon as  due  to  delay,  interference,  and  their  solicitude  to  bring 
their  work  to  completion  and  publication. 
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The  decreased  number  of  species  in  the  Waverly  may  there- 
fore not  be  of  much  significance,  but  the  evident  fact  of  a  pro- 
gression fon\'ard  from  the  Comiferous,  the  unquestioned  1am- 
ellibranchiate  evolution  of  increased  numbers  and  species  to 
the  Chemung  and  the  obvious  gaps  between  the  O)miferoiis 
and  Hamihon,  the  Hamilton  and  Chemung;  the  Chemung  and 
Waverly  are. 

Such  gaps  are  an  evident  indication  of  a  suspension  of 
moUuscan  life  incident  upon  unfavorable  conditions  and  the 
withdrawal  of  the  previous  molluscan  faunas  elsewhere,  as 
there  can  be  no  doubt  of  the  continuity  of  this  lamellibranchiate 
life  through  the  Upper  Helderberg,  Hamilton  and  Chemung 
periods.  Those  conditions  were  shore  conditions,  shallow 
water,  continental  drainage  and  more  or  less  disturbed  marine 
tracts  wherein  storms  or  waves  easily  dislodged  shells,  and 
caused  their  withdrawal  to  deeper  water.  On  the  other  hand 
the  increase  of  species  in  the  populous  periods  after  these  gaps, 
would  seem  to  indicate  an  acceleration  in  the  production  of 
sf>ecies,  which  must  have  begun  in  some  areas  to  which  the 
molluscan  fauna  retreated  upon  the  invasion  of  their  previous 
habitat  by  the  conditions  represented  in  the  Marcellus,  Gen- 
essee,  Portage  and  Catskill. 

The  Marcellus  group  certainly  does  not  represent  a  period 
totally  inimical  to  molluscan  life.  It  onlv  marks  a  decresence 
of  the  previously  crowded  fauna  of  the  Upper  Helderberg  and 
holds  within  it  (Clarke,  Livonia  Salt  Shaft,  13th  Annual  Re- 
port, X.  Y.  State  Geologist,  p.  156-158),  a  succession  of  faunas 
which  are  both  reminiscent  and  prophetic,  being  Helderbergian 
and  Hamiltonian  in  nature,  besides  its  own  indigenous  fossils. 
The  Marcellus,  as  the  Genessee,  presents,  however,  an  in- 
structive illustration  of  displacement  and  conflict.  It  intro- 
duced conditions,  and  brought  with  it  a  life  contrasted  with  the 
conditions  and  life  which  marked  the  Upper  Helderberg,  and 
yet  in  those  conditions  and  life  there  remained  a  struggling 
survival  of  the  latter,  and  many  of  the  lamellibranchiate  genera 
puslied  their  way  through  to  the  Hamilton,  while  on  the  other 
hand  the  Hamiltonian  fauna  moving  landward  inserted  itself 
''prcnuiicially"  (Clarke)  in  the  Marcellus  areas. 

Similarly  in  the  Genessee,  outside  of  the  fundamentally 
characteristic  ''iritiiincscciis''  fauna,  the  relics  of  Hamilton  life. 
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and  the  precursors  of  Chemung  life  are  found.  But  in  both 
these  cases  we  are  evidently  in  the  presence  of  oscillating  con- 
ditions; we  have  shown  us  again,  what  seems  so  universal 
and  constant  a  predicament  in  the  geological  record,  an  extend- 
ing continental  margin  with  a  previous  deeper  sea  life  pushed 
away  from  the  continental  sediments  and  existing  under  stress 
and  competition  (See  Chamberlin,  Jour,  of  Geol.,  Vol.  VI,  p. 
449.)  in  narrower  precincts,  itself  surging  back  again  upon 
the  continental  shelf,  somewhat  modified  by  its  long  absence, 
when  the  deeper  water  conditions  supervene  nearer  the  land 
surfaces.  Yet  if  the  shallow  water  character  of  the  Marcel- 
lus  and  Genessee  is  conceded  the  presence  in  both  of  ammon- 
oids  seems  contradictory.  Dr.  Clarke  (50th  Ann.  Rep.  Re- 
g^ents,  p.  137)  insists  that  in  the  Genessee  these  goniatitic  re- 
mains are  "not  a  mechanical  invasion,  a  congeries  of  flotation, 
but  is  in  harmony  with  its  components  in  mode  and  direction 
of  derivation."  Deferring  a  longer  reference  to  that  fact,  and 
reverting  again  to  the  disappearance,  sometimes  partial  only, 
of  the  lamellibranchs  in  the  Marcellus  and  Genessee,  we  must 
conclude  that  the  shallowing  of  the  water  was  not  an  entirely 
determinate  cause  expelling  them,  but  that  some  associated 
feature  in  the  character  of  the  water,  or  bottom,  brought  it 
about  more  explicitly.  This  feature  may  be  the  widely  dissem- 
inated bituminous  contents  of  these  shales.  There  seems  to 
be  evidence  that  this  bituminous  matter  was,  to  some  extent 
at  least,  derived  from  the  land  and  that  it  was  disseminated 
through  the  water  probably  coincident  with  land  storms,  bring- 
ing on  inrushes  of  fresh  water,  and  overwhelming  accessions 
of  mud. 

It  is  well  known  that  in  the  development  of  oysters,  clear- 
ness of  water,  permanence  and  hardness  of  bottom,  still  and 
undiluted  marine  conditions  favor  the  survival  of  the  young. 
And  this  is  also  true  of  other  bivalves.  Mr.  R.  E.  C.  Stearns 
in  his  suggestions  as  to  the  best  means  of  transplanting  the 
edible  bivalves,  (Glycimeris,  Sa.ridojiuis,  Schizothocrus)  of  the 
Pacific  coast  to  the  east,  has  stated  that  such  conditions  should 
be  measurably  secured,  though  in  the  case  of  some  of  these 
shells,  slime,  alluvium,  drainage  and  refuse  matter  did  not 
actuallv  exterminate,  or  even  diminish  them.  Of  course  the 
Marcellus  conditions  if  unfavorable  to  an  expansion  of  lamel- 
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lihranchiate  life  were  not  faltal  at  all  to  its  continuance,  rm- 
enka  ancl  Lunulicardium  survived  in  both  the  ^larcellas  azii 
Genessee  and  Portag^e. 

If  then  the  Marcellus,  Genessec  and  Portage  were  marked 
by  a  diminished  lamellibranchiate  life,  and  it  this  dinunaCLii 
arose  from  the  too  strong  prevalence  of  shore  cooditioiis; 
floods,  suffusion  of  particles,  dirtv  water,  brackish  cmrr?rs. 
sand-flats,  tidal  extremes  etc,  what  does  the  general  ooam- 
uance  of  the  lamellibranchs  and  their  increase  from  the  Untw 
Helderberg^  to  the  Waverly  signify? 

Such  a  continuance  in  genera,  as  the  following  table  shows 
is  unmistakable. 

TABLE  OP  GENERA 


CPPRR  ITRLDBBBBSG             HAMILTON 

CHBMrau; 

Avicalopecten 

Aviciilopectcii 

Actinopteria 

Allocardiom 

Conocardinm 

Conocardtnm 
Cjtherodcm 

Cimitaria 

Cimitttria 

Cypricardinia 

Cjpricardtnia 

CjpricardiiDa 

Djstactella 

Djstactella 
Elvmclla 

Edmondia 
Ectenodcsma 

Gljptodcaraa 

Glyptodesma 
Gosaelcttia 

Glowttefl 

Goniopbora 

Goniophora 

Orammysia 

Grammysia 

Grammysia 

Lyriopcctcn 

Lyriopecten 

Lyriopecten 

Lcioptcria 

Lctoptrria 

Lcioptcria 

Leptodesma 

Lcptodcsma 

Limoptera 

Limoptera 
Led  a 

Lanalicardiam 

Lannlicardiimi 

Mytilarca 

Mytilarca 

Mytilarca 
Modiola 

Modiomorpha 

Modiomorpha 

Modiomorpha 

Microdon 

Microdon 
Modiella 

Microdon 

Macrodon 

Macrodon 

Megambonia 

Nacula 

Nncnla 

Xaculites 

Nyasaa 

Nyassa 

Orthonota 

Pcilacopinna 

I'terinopecten 

Ptcrinopccten 

Pterinopecten 

Pterinea 

Pterinea 

Ptcnnca 

Panetika 

F'anenka 

Paracyclas 

Paracyclas 

Paracyclas 
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Pararca 

Pararca 

Palaeoneilo 

Palaeoneilo 

• 

Frothy  fit? 
Phthonia 

Ptychopteria 
Pteronites 

Pholadella 

Pholadella 

Ptjchodesma 

Ptychodesma 

Paloeanatima 

Pnlflcomya 

Prorhyncbtis 

Solcmja 

Sphenotn^ 

Sphenottis 

Scbizodns 

Schizodus 
Solen 

Schizodas 
Sanguinolites 

Tellinopsis 

The  genera  of  the  Upper  Helderberg  are  twenty-one,  of 
the  Hamilton  forty-three,  and  of  the  Chemung  thirty-five. 
There  is  a  sensible  identity  in  the  genera  of  the  last  two  form- 
ations, with  an  increase  of  species  in  the  Chemung.  There 
would  seem  to  be  indicated  here  a  biological  crisis;  that  a 
group  of  organisms  enormously  expanded  under  favorable 
circumstances,  and  that  when  they  were  forced  out  of  their 
habitats,  they  came  into  competition  with  each  other  in  a 
smaller  environment,  and  upon  each  return,  brought  back  an 
increased  number  of  species,  possibly  referable  to  that  com- 
petition as  a  cause. 

As  in  the  case  of  the  trilobites,  this  crisis  suggests  some- 
thing like  impulse,  vis  a  tergo,  assisted  indeed  by  natural 
auxiliary  conditions.  There  would  seem  to  be  no  especial 
reason  why,  from  the  Potsdam  to  the  DevcMiian,  the  lamelli- 
branchiate  phylum,  which  was  certainly  in  evidence  through- 
out that  long  time,  might  not  have  reached  as  wide  a  circum- 
scription of  species  and  genera  as  it  did  in  the  last  named 
era,  any  more  than  there  seems  any  special  reason  why  the 
trilobites  in  the  Cambrian  attained  a  development  quite  un- 
rivalled since.  It  has  been  suggested  in  this  paper  that  ev- 
olution could  have  acted  more  rapidly  in  the  production  of 
trilobites  than  it  did  in  the  associated  life,  reinforced  by  very 
favorable  circumstances  for  their  multiplication.  Can  it  be 
conceived  that  in  the  case  of  the  lamellibranchs  there  were  in- 
herent obstacles  to  evolution,  and  a  protracted  restraint  en- 
sued before  this  life  group  could  store  up  enough  biological 
spring  to  jump  forward  into  formal  (generic  and  specific) 
diversity?    Is  evolutional  aptitude,  like  individual  endowment 
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in  men.  a  function  of  orjQ^nization  ?  Or  is  all  evolmion  rn- 
•  litioned  upon  physical  circumstances.  In  many  way.s  it  m:is 
he.  and  perhap  this  long"  (]uiescence  of  potential  variabilitr 
in  the  lamelHbranchs  proves  it. 

At  any  rate  we  are  afforderl  a  i^iimpse  at  a  c^use  for  vara- 
tion  in  the  -succession,  shown  in  the  Xew  York  palaeontDlog"- 
ical  studies,  of  the  Devonian  bivalves.     It  is  this. 

The  recession  of  the  sea  causing*  tlie  shallow  water  fcraa- 
tinns  of  the  .\rarcelhis.  ^"lenessee.  Portaxspe.  Catskiil.  was  al- 
ways succeederl  in  the  Hamilton,  Chemung",  and  prc-bablj 
\\  avcrly.  by  an  increase  of  species.  Ft  wi>ulti  then  appear 
probable  that  the  expelled  (genera  in  each  instance,  •iriven  to 
nion*  restricted  areas,  probably  in  deeper  water,  came  into 
><  )me  sort  of  competition,  and  species,  as  fixed  variations,  were 
-timnlated  to  appear,  and  in  the  next  encroachment  landward 
muhipliffl.  (Comparing"  the  Chemung-  with  the  Hamilton  the 
c.'^fnera  prominently  exhibiting  this  expansion  are  Pterinea, 
.Intiunpfrriii.  Lcptodesma,  Glo.s'sitcs.  Mytilarca.  with  the  new 
^^encra  Crcnipectcn,  Ptychopteria  Edmondia.  These  genera 
and  their  species  give  some  evidence  of  deeper  water  origin 
in  their  smaller  size.  Xaturally  this  statement  cannot  be  made 
into  a  sweeping  deduction,  but  it  has  a  preponderant  appli- 
cation. The  large  sized  genera  Limoptcria  Glyptodcsma  are 
Tfamilton.  the  small  sized  genera  Crenipccten  Edmondia  arc 
(  licmnng.  and  thr«:)Ughout,  with  many  exceptions,  the  impres- 
sion of  the  Chemung  species  is  that  of  smaller  sized  indi\nd- 
tiaN.  The  voyage  of  the  Challenger  lends  support  to  this 
view  anrl  Sir  \\'\  ville  Thompson  has  Himself  said  "my  present 
im[)n!ssion  is  that  although  life  is  thus  universally  extended, 
tht!  number  of  species  and  of  individuals  diminishes  after  a 
rt-rtain  dtrpth  is  reacherl,  and  that  at  the  same  time  their  size 
nsjniUy  iIcLrCiiu?s." 

\f  the  increase  of  species  has  resulted  from  competition  in 
oipuni^^cribrd  sections  of  the  sea-bottom,  this  crowded  condi- 
ti'  Ti  ma\   liavc  had  also  s«»nie  influence  on  size. 

riic-  as-uniption  of  recurrent  pcrirxls  of  competition  with 

tilt:  C')n-c«|ULnt  nuiltiplication  of  species  introduces  what  ha? 

always  sclhumI  a  difficult  inquir}-.  how  the  process  of  the  ^*rir- 

7-!z\i!  of  flic  fit  ft  St  wr;rks  amongst  such  organisms  as  bivalve 

hells,   for  the  most  part,  sessile  sightless  animals:  how  a-i- 
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vantages  of  form  or  habit  work  for  the  preservation  and  con- 
tinuity of  the  differing  species.  Strengthening  of  hinge  struct- 
ure, increased  solidity  of  the  shell,  lengthened  siphonal  tubes, 
stronger  and  more  muscular  feet,  flattened  shells  to  avoid  im- 
pact of  currents,  roughened  or  spiculate  surfaces  for  attach- 
ment to  mud,  rocks,  sea-weed  etc.,  attenuaton  of  fonn  for 
insertion  in  crevices,  development  in  byssus,  gaping  mouths, 
shoulders,  elongation,  curving  backs,  are  features  that  might 
gain  accentuation,  and  variously  help  their,  possessors  to  im- 
proved prospects  in  the  life-race.  And  certainly  many  of  these 
features  are  conspicuous  in  a  review,  of  the  Devonian  lamelli- 
branchs,  but  specific  distinctions  based  on  a  slightly  more  ac- 
curate form,  a  more  nasute  outline,  a  triangular  form,  a  length- 
ened or  shortened  anterior  or  posterior  margin,  a  variation  in 
surface  sculpture,  a  higher  umbonal  prominence,  proximity 
or  recession  of  beaks,  while  all  doubtless  justly  weighed  as 
sp^ific  marks,  apparently  have  no  conceivable  reference  to  any 
particular  advantage  they  bestow.  They  may  be  indeed  steps 
in  an  advantageous  march  of  modifications. 

Schxzodxis  shows  a  lengthening  posterior  edge,  and  both 
increase  and  decrease  of  the  ridge,  Cinitaria  apparently  be- 
comes more  cur^'ed  dorsally  with  an  explanate  scooped  out 
widening  of  its  posterior  end,  Mytilarca  becomes  more  acute 
umbonally,  elongate,  and  compressed,  the  pterinoid  genera 
show  both  increase  and  decrease  of  the  wings,  accentuation 
and  softening  of  the  surface  sculpture,  Goniophora  becomes 
generally  from  the  Schoharie,  more  expanded,  with  a  less 
arcuate  umbonal  keel.  Pterinea  Habclla  found  in  the  Upper 
Helderberg,  but  rare,  is  numerous  in  the  Hamilton.  It  as- 
sumes a  larger  form  with  strong  broad  ribs  in  the  Chemung, 
while  around  Aviculopcctcn  princcps  are  grouped  oscillations 
of  related  forms.  Pancnka  and  Lunulicardium  were  hardy 
genera  surviving  changed  habitats. 

The  expansion  of  the  Devonian  lamellibranchiate  fauna 
which  seemed  to  begin  in  the  Lower  Helderberg  was  success- 
ively interrupted,  and  after  each  interruption  widened  its 
specific  limits.  Did  the  interruptions  which  expelled  it  to 
more  restricted  areas  for  development  bring  about  the  biolog- 
ical schock  that  caused  the  increase  in  species  and  a  differen- 
tiation of  new  genera?    It  seems  probable. 
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It  is  quite  certain  from  the  results  of  the  Challenger  ex- 
pedition that  the  bothymetrical  range  of  bivalves  is  most  var- 
iable, as  this  compilation  shows. 


Gbnbba 


Depth  in 
Fathoms 

49 

1400 

8 

7 

28 


Martesia 

Teredo 

Gastrochaena. 

Clavagella 

SolecutuB 

Saxicava 100-500 

Mya 7 

Corbula 7-435 

Anatina 18-28 

Periploiua 13 

Lvonsia 620-1950 

Silenia 1950-2650 

Thracia 20100 

Neaera 120-1950 


Geiteba 


Poromya 155 

Pandora 7 

Myodora 6-17 

Myochama 6 

Mactra 6-20 

Raeta J 

Psammobia 6-70 

Tellina 6155 

Donax 10 

Somele 7-1000 

Ervilia 6-1000 

Davila 20-150 

Venus 3-1000 

Tapes 6-50 

Cvtherea 7-70 

Circe 2-435 

Dosinia 6-25 

Venerupis 70 

IVtric'oia 8 

Cardium 10-70 

Callocardia 1000-2900 

Chama 7-450 

Liicina 7-435 

Tridacna ^        8 

Crvptodon 5-1900 

Di'plodonta 61^)0 

Kellia 2838 

Montacuta 6-450 

Solcmya -^•'^ 

If  the  Devonian  laniellibranchs  were  expelled  by  the  phys- 
ical constants  pertaining  to  the  Marcellus  and  the  Genessee  or 
I'ortage,  the  expulsion  of  the  Ammonoid  fauna  of  the  latter  by 
the  physical  constants  of  the  Hamilton  and  Chemung  also  ex- 
cites comment.  The  Naples  fauna,  described  by  Dr.  Qarke. 
is  essentially  ccphalopdous,  the  Marcellus  calcareous  shales 
^Iso  contain  a  ^oniatitic   fauna.     There  is  an   essential  sim- 


DXFTH  15 

Fatbomi 

Astarte TO-IW 

Crassatella 2»^ 

Cardite 104) 

Carditella 3M00 

MytiluB &^ 

Myrina 1400 

Crenella 140 

Idas 390 

Modiolaria 2-1C75 

Modiola 15^00 

Perna 1© 

Lithodomus 6 

Dacrydium 100-390 

Modiolarca 12-2« 

Septifer 12 

Julia 40 

Avicula 8-30 

Malleus 3-12 

Pinna 38 

Area 12-2000 

Trifi^nia 2-38 

Glomus 390-1900 

Pectunculus 7-1010 

Limopsis 28-18ri0 

Nucula lo-aeD 

Nuculina l^Vi' 

Leda 12-1075 

Sarepta 23^ 

Yoldia 28-345 

Malletia 6045550 

Pecten 2-1375 

Lima 2-2300 

Amussium 20-1675 

Spondylus 8-28 

Plicatula _15  ^l 

Anomia 50-351) 

Ostrea 28 
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ilarity  in  the  fauna  of  the  Marcellus  and  Genessee  despite 
specific  or  generic  contrasts  and  the  diversity  of  those  in  the 
latter  may  be  regarded  as  the  result  of  changes  induced  in  the 
former  during  some  period  of  sequestration  and  absence. 
Where  the  Marcellus  fauna  disappeared  to  it  is  impossible 
at  present  to  determine,  but  its  reappearance  as  the  Genessee 
is  not  an  unnatural  supposition.  The  lithological  resemblance 
of  the  Marcellus  and  Genessee  is  striking  and  would  seem  to 
represent  similar  or  identical  sediments.  The  fauna  in  each 
is  marked  by  cephalopodous  features  and  while  the  lamelli- 
branchs  of  the  Marcellus  which  remained  within  it  from  the 
Upper  Helderberg  seas  are  absent  in  the  Genessee,  the  brach- 
iopodous  occupants  of  both  are  unmistakably  related,  and  the 
ichthyic  fauna  of  both  suggest  still  further  a  biological  affinity 
or  descent. 

If  the  specific  changes  evinced  in  the  Chemung  bivalves 
are.  traceable  to  the  confinement  of  the  Hamilton  in  limited 
zones  of  development  and  changed  environment,  upon  con- 
tinental elevation  and  its  (the  fauna's)  recession  to  the  mar- 
gins of  the  deeper  seas,  then  it  is  logical  to  reverse  the  deduc- 
tion in  direction  and  find  in  the  expanded  (  ?)  Genessee  fauna 
a  growth  and  change  produced  by  the  retreat  of  the  Marcellus 
to  the  interior  edges  of  the  continent  upon  the  invasion  of  the 
deeper  waters  of  the  Hamilton. 

In  basins,  bays,  and  inundated  half  land-locked  emargin- 
ations,  the  Marcellus  sea-life,  and  especially  its  ammonoid 
contents,  developed  in  congested  centers,  and  prepared  the 
new  efflux  of  species  and  genera  later  preserved  in  the  Gen- 
essee shales. 

These  suggestions  point  to  the  seeming  efficacy  of  circum- 
scribed areas  in  the  development  of  the  species ;  that  a  certain 
amount  of  biological  pressure  brings  .about  interactions,  per- 
haps not  always  referable  to  struggle  or  natural  selection, 
which  modify  form  and  create  species.  And  yet  aside  from 
natural  selection  what  influence  in  the  proximity  of  species 
or  individuals  could  possibly  differentiate  them?  Is  not  such 
an  expression  as  "biological  pressure^'  both  ambiguous  and 
childish?  It  might  more  properly  be  assumed  that  an  excess 
of  nutrition,  perfect  thermal  conditions,  purity  of  water,  erad- 
ication or  absence  of  enemies  brought  about  the  highest  var- 
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itetal  liveliness,  and  prcxiuced  vigonxis  "sports"  whose  very 
vigor  was  an  assurance  of  continued  heredity. 

The  next  extreme  illustration  of  a  biological  crisis  in  the 
palaeozoic  rocks  is  found  in  the  crinoid-swarming-  seas  of  the 
Lower  Carboniferous.  The  whole  series  of  palaeozoic  rodcs 
afford  now^here  siich  an  extraordinary  development  of  crin- 
oidal  forms,  and  while  crinoidal  limestones  are  frequent  from 
the  Calciferous  upward,  and  establish  the  strong  prevalence  of 
these  organisms,  the  actual  predominence  of  the  I-ower  Car- 
boniferous fauna  excluding  cystids  and  blastids  in  species, 
is  quite  unmistakable. 

A  compilation  from  Miller's  catalogue  affords  this  striking 

comparison. 

Genera.        Species, 

Paleozoic   to  top   of   Devonian . .  ^ 76  346 

Lower  Carboniferous   56  653 

The  same  fecundity  is  shown  in  another  way,  bv  the 
greater  number  of  genera  marked  by  numerous  species  in 
the  Lower  Carboniferous  over  those  excelling  in  species  in  the 
lower  palaeozoics,  while  in  none  of  the  latter  is  there  a  com- 
parable abundance  to  some  of  the  more  prolific  genera  of  the 
Carboniferous  seas.  In  the  lower  palaeozoics  for  instance, 
nine  genera  only  have  ten  or  more  species  assigned  to  them 
whereas  in  the  Lower  Carboniferous  there  are  seventeen  with 
Actinocrinus  covering  forty-seven  species,  Barycrinus  twent}- 
three,  Batocrinns  fifty-two,  Cyathocrinns  thirty,  Dichocrinks 
tvventv-seven,  Dorycrinus  twenty-four,  Erctmocriuus,  twenty, 
Eupachycrinns  thirteen,  Platycrinus  sixty-seven,  Poteriocrinus 
sixty,  Scaphiocrinus  sixty-two,  Taxocrinus  sixteen,  and  Zeo- 
crinus  twenty-nine. 

In  the  lower  palaeozoics  Dcndrocrinus  has  twenty-seven, 
Eucalyptocrinus  twenty,  Megistocrinus  twelve,  Poteriocrinus 
fifteen. 

The  impression  of  great  numbers  in  the  crinoidal  life  in 
the  Lower  Carboniferous  is  not  relieved  by  any  considera- 
tions of  a  defective  geological  record  in  the  lower  palaeozoics. 
There  is  no  reason  for  suspecting  that  the  record  has  been 
less  carefully  kept  in  the  latter  period  than  in  the  former.  We 
are  therefore  met  by  a  distinct  organic  profusion  in  the  palxo- 
crinoids  at  that  geological  epoch,  and  must  infer  that  a  coo- 
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junction  of  favorable  circumstances  and  exuberant  vitality  in 
this  phylum  occurred  at  that  time. 

Dr.  Carpenter  in  the  "Voyage  of  the  Challenger"  has 
shown  that  while  the  stalked  crinoids  are  partially  abyssal 
they  are  not  universally  so,  and  if  their  abyssal  habitat  is  to 
be  interpreted  as  a  retreat  from  shallower  waters,  we  may  be 
sure  that  the  Lower  Carboniferous  seas  were  in  no  real  sense 
abyssal.  But  it  has  been  shown  in  the  same  work  that  the 
crinoids  occur  in  groups,  that  if  at  any  time  they  were  con- 
tinuously found  over  the  sea  that  continuity  is  interrupted. 
There  is  a  strong  probability  that  in  the  Lower  Carboniferous 
seas  there  was  no  geographical  continuity  of  crinoidal  life, 
but  that  a  group  of  basins  existed  which  were  characterized 
each  by  its  special  faunal  development,  and  had  their  origin 
somehow  in  the  survival  of  those  genera  which  existed  in  the 
early  palaeozoic,  as  Agclacrinus,  Calccocritius,  Cyatliocriniis, 
Dorycrinus,  Ichthyocrinus,  Megistocriutis,  Mclocrinns,  Flafy- 
criniis,  Poteriocrinus,  Synbathocrinus. 

And  for  this  reason — the  crinoids  of  the  whole  palaeozoic 
are  local,  in  distribution ;  they  form  segregated  fossils.  The 
expression  of  the  group  derived  from  their  occurrence  is  spor- 
adic, their  habitat  so  to  speak  is  concretionary.  It  can  be  ac- 
counted for  by  assuming  that  the  character  of  the  bottom  is 
important  in  establishing  their  growth,  that  selection  in  this 
respect  is  decisive,  and  so,  as  the  requisite  foundations  arc 
limited,  the  crinoidal  growth  is  limited  and  special. 

In  the  Trenton,  in  Xew  York,  the  Caryocrinus  is  found  in 
small  assemblages,  and  in  the  Cincinnatti  Ix^ds  locriuus  and 
Dendrocrinus  occur  almost  invariably  in  nests,  groups,  or  bun- 
dles. In  the  Lower  Helderberg  Mariacrinns  is  also  partial 
in  its  occurrence,  and  in  the  Waldron  the  Eitcalyptocrinus, 
while  more  widely  disseminated  suggests  colonies  in  its  de- 
velopment. The  Megistocriitus  of  the  Upper  Helderberg  and 
Hamilton  are  uncommon,  but  when  found  are  in  bunches,  and 
the  large  crinoidal  stems  in  these  formations  seem  crowded  in 
localized  areas. 

The  faunal  basins  we  refer  to  in  the  Lower  Carboniferous 
may  have  migrated,  moved  in  and  out,  from  the  continent,  up 
and  down  a  coast  line,  but  they  became  finally  established 
in  the  Lower  Carboniferous  upon  the  most  enduring  basis. 
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and   in   broader  zones,  and   there  developrf   their  rrscaena 
sfK-c  ific  and  generic  variations. 

I'ut  assuming  a  great  age  for  this  developaBent.  the  tx- 
j;rcssion  of  suddenness  is  not  unwarranted  in  referrln;?  :o 
them.  There  is  certainly  slender  suggestion  in  the  Dtv»:-nian 
of  stich  large  and  r^^ulent  supplies  of  crinoidal  life.  Tne  "bi- 
ological crisis"  the>-  present  is  not  simply  apparent.  It  is 
real. 

The  crinoirlal  basins  of  the  Lower  Carboniferous  illnsintc 
again  what  is  remarkable  in  the  trilobites  of  the  Cambrian, 
and  the  lamcllibranchs  of  the  Devonian,  a  great  development 
of  species  in  limited  geographical  areas.  It  is  not  one  species 
fn>Tn  one  kjcality,  another  from  a  second,  and  so  on,  but  a 
(ofivergence  oi  s[x?cics  at  r>nc  locality  or  pro^-ince. 

Amongst  the  pf>ssiblc  elements  of  encouragement  for  the 
liixtiriotis  growth  of  crinoids  in  the  waters  of  the  Lower  Car- 
lK>nifcroiis  seas,  was  the  clearness  of  the  latter,  and  their 
greater  supply  of  lime  than  in  the  waters  of  our  present  seas. 
The  withdrawal  of  the  crinoids  today  into  abyssal  regions, 
while  not  universal,  is  a  prevalent  tendency,  and  may  have 
sonu"  reference  to  the  increased  sedimentation  along  coast 
lines.  It  may  also  be  inferred  that  this  abyssal  retreat  is  not 
crMigetiial  tr>  a  flourishing  life  of  crinoids,  and  their-  disap- 
pearance from  mir  modem  seas  is  certain. 

The  elt^vation  of  the  I^ower  Carboniferous  continent  was 
probably  low,  the  drainage  to  the  coasts  slow  or  inconsider- 
able, and  it  seems  reasonable  to  suppose  that  the  areas  of  ver)* 
clear  water  aj)proached  the  shores  closer  than  they  do  today, 
offering  an  advantageous  nidus  for  the  development  of  crin- 
oirlal life.  The  successful  planting  of  the  ova  when  the  stalk 
cnninieticcs  to  form  (pentacrinoidal  stage)  may  be  attended 
with  dangers  to  the  life  of  the  young  crinoid,  which  only 
clear  water  and  peculiar  bottom  conditions  can  avert.  As  to 
the  more  rapid  and  easy  assimilation  of  lime,  the  weight  of 
the  suggestion  that  the  Lower  Carboniferous  seas  contained 
more  lime  than  those  (^f  today  may  be  very  slight.  Yet  it  is 
<\\\\W  easy  to  sec  that  there  is  a  difference  in  the  assimilating 
functions  of  a  Neocrinoid  with  its  leathery  tegminal  crow-n. 
and  that  of  a  Pala^ocrinoid  with  its  strongly  plated  calcareous 
dome,  and  that  difference  may  have  been  brought  about  by 
sonic  gradual  decrease  in  the  lime  contents  of  the  ocean. 

(To  he  Continued.) 
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PREGLACIAL  EROSION  IN  THE  COURSE  OF  THE 

NIAGARA  GORGE,  AND  ITS  RELATION  TO 

ESlTi^^ATES  OF  POSTGLACIAL  TIME. 

By  Wakrbn  Upham,  St.  Paul,  Minn. 

In  the  careful  studies  of  the  history  of  the  Niagara  river 
and  gorge  by  Pohlman*  and  Gilbert,t  as  in  the  earlier  ob- 
servations of  Lyell  and  Hall,  the  coincidence  of  the  post- 
glacial Niagara  gorge  with  the  preglacial  St.  David's  chan- 
nel at  the  Whirlpool  is  clearly  recognized.  The  present  river 
there  has  washed  out  the  drift  that  filled  the  ancient  chan- 
nel and  apparently  reached  to  the  bottom  of  the  Whirlpool, 
about  130  feet  above  the  sea.  Thence  the  preglacial  St.  Dav- 
id's stream  bed,  beneath  the  drift,  has  probably  this  depth  of 
117  feet  below  the  level  of  lake  Ontario,  or  more,  along  its 
course  past  St.  David's  and  onward  to  the  deep  central  part 
of  the  lake  Ontario  basin. 

The  preglacial  stream,  as  Pohlman  has  shown,  drained  the 
shallow  Tonawanda  valley,  but  not  the  area  of  lake  Erie.  At 
the  Whirlpool  this  St.  David's  stream,  according  to  Pohlman, 
plunged  down  in  a  cataract  from  the  hard  Medina  sandstone 
bed,  which  is  underlain  and  overlain  by  soft  shales.  Having 
at  this  place  eroded  a  valley  of  ravine  400  feet  deep  and  a 
quarter  of  a  mile  wide,  the  stream  doubtless  also  had  cut  an  im- 
portant ravine,  though  of  smaller  size,  along  its  higher  course 
for  a  considerable  distance  before  reaching  the  site  of  the 
Whirlpool.  Dr.  Pohlman  supposes,  with  sufficient  reasons, 
that  the  St.  David's  ravine  reached  along  the  part  of  the  Niag- 
ara gorge  occupied  by  the  Whirlpool  rapids,  having  a  middle 
vertical  fall  over  the  Clinton  limestone  and  terminating  at  an 
upper  vertical  fall  over  the  Niagara  limestone,  beyond  which, 
in  its  approach  from  the  south,  the  stream  was  only  a  little 
lower  than  the  adjoining  country. 

Some  of  the  latest  contributions  to  the  geologic  literature 
of  Niagara,  by  Taylor,  Hitchcock,  and  Gilbert,  assign  to  the 
St.  David's  channel  an  interglacial  age,  and  regard  it  as  the 

^Proc.  Am,  Ass.  Adv.  Sci..  vol.  xxxii,  188.^,  p.  202;  vol.  xxxv,  1886,  pp. 
221.  222.  Trans.  Am.  Inst.  Mining  Engineers,  vol,  xvii,  pp.  322-338,  with 
niap«  and  sections.  Oct.,  1888.  « 

fSixtb  Annual  Report  of  the  Commissioners  of  the  State  Reservation  of 
Niagara,  for  the  year  1889.  pp.  61-84,  with  8  plates  (maps  and  sections);  also 
in  the  Smithsonian  Report  for  1890.  Monographs  of  the  National  Geographic 
Society,  vol.  i,  pp.  203-236,  with  21  figures  in  the  text,  Sept.,  1895. 
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this  eastern  tributary  undoubtedly  had  cut  a  deep  ravine,  with 
falls  and  cascades,  along  its  last  mile  or  more.  At  the  east  end 
of  the  Foster  flats  and  farther  up  stream,  the  preglacial  Fish 
creek  had  only  a  very  shallow  valley,  slightly  hollowing  but  not 
trenching  the  bed  rocks. 

Under  this  view  we  see  readily  how  the  Niagara  river  with- 
drew its  waters  from  the  low  cataract  at  the  Foster  flats.  On 
reaching  the  head  of  the  preglacial  ravine  in  the  gradual  re- 
cession of  the  falls,  the  main  current,  which  passed  on  the  south- 
east side  of  the  flats,  speedily  eroded  a  deeper  channel,  far  be- 
low its  former  bed  above  that  cataract,  because  the  drift  filling 
the  old  ravine  was  easily  swept  away.  Along  a  distance  of 
nearly  tw^o  miles,  adjoining  tlie  Foster  flats  and  northeasterly, 
the  river  flowed  afterwards  in  powerful  raptds,  eroding  this 
part  of  the  gorge  into  the  rock  strata  to  its  present  depth ;  and 
the  greater  depth,  w^ith  slow  and  smooth  current,  for  a  half 
mile  between  the  flats  and  the  Whirlpool  may  be  due  to  such 
deep  erosion  by  the  preglacial  stream  there,  its  ravine  having 
been  cut  down  nearlv  to  the  bottom  of  the  St.  David's  chan- 
nel  before  coming  to  their  junction. 

Evidently  the  preglacial  brook  that  coincided  somewhat 
nearly  with  the  present  Fish  creek  could  not  have  p>assed 
northward  through  the  Niagara  escarpment  in  the  course  of 
the  river  gorge.  The  crest  of  the  escarpment  there  is  higher 
than  the  land  stretching  south  and  southwest  to  the  Whirl- 
pool. The  gorge  has  no  widening,  such  as  is  a  most  re- 
markable feature  of  the  old  channel  at  St.  David's,  where  it 
approaches  and  cuts  the  escarpment;  nor  does  it  show  evi- 
dence of  much  greater  age  there,  as  geologists  count  time, 
than  along  any  other  part,  even  near  the  present  cataract. 
Prof.  G.  F.  Wright  has  proved,  instead,  that  the  oldest  part 
of  the  gorge,  at  and  near  the  escarpment,  can  have  endured 
the  inevitable  weathering  of  its  clifl^s  no  longer  than  10,000 
years,  and  that  indeed  its  age,  which  is  also  the  entire  age  of 
the  Niagara  river  and  falls,  niav  be  a  considerably  shorter 
period.* 

Above  the  Whirlpool  it  seems  very  clear  to  my  mind  that 
the  gorge  erosion  was  much  aided  by  the  preglacial  St. 
David's  stream  for  the  distance  of  one  mile  occupied  by  the 

•"New  Method  of  Rstimalin^  the  Age  of  Niagara  Falls. *'  Popular  Science 
Monthly,  vol.  Iv.  pp.  145-154,  with  bix  figtires  in  the  text,  June,  1899. 
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of  lake  Agassiz,  as  soon  as  the  land  was  unburdened  by  the 
g^lacial  retreat.  This  northward  uplift  was  in  progress  while 
yet  the  ice  barrier  remained  farther  north  and  northeast,  hold- 
ing in  succession  the  glacial  lakes  Warren  and  Algonquin, 
besides  several  earlier  and  smaller  glacial  lakes  which  be- 
came merged  in  lake  Warren,  on  the  upper  part  of  the  St. 
Lawrence  basin.  In  the  areas  of  lake  Agassiz  and  of  the 
Laurentian  lakes  alike,  the  uplift  was  nearly  completed  dur- 
ing the  existence  of  the  glacial  lakes,  as  is  known  by  the  al- 
most undisturbed  horizontality  of  the  latest  and  lowest  gla- 
cial lake  beaches.  Finally  lake  Algonquin,  by  the  northeast- 
ward land  elevation,  became  divided  into  its  successors,  lakes 
Huron,  Michigan,  and  Superior. 

Instead  of  the  hypothesis  of  long  continued  eastward  out- 
flow from  lake  Algonquin,  my  studies  convince  me  that  the 

• 

Trent  and  Mattawa  outlets  were  occupied  successively  dur- 
ing only  a  brief  time,  or,  more  probably,  that  these  outlets 
were  obstructed  by  the  receding  ice-front  until  after  the  land 
there  had  risen  from  its  Champlain  depression  to  such  alti- 
tude that  the  St.  Clair  and  Detroit  rivers  continued  to  be  con- 
stantly the  outlet  from  the  upner  lake  basins,  sending  their 
waters  to  the  Niagara  river  and  falls  during  all  their  history. 
Lakes  Algonquin  and  Iroquois  were  contemporaneous, 
and  the  Ontario  basin  inclosing  lake  Iroquois  was  at  the  same 
time  uplifted  toward  the  northeast,  with  inclination  of  its 
earlier  shorelines,  and  with  gradual  rise  of  the  lake  on  the 
land  westward  because  its  outlet  at  Rome,  N.  Y.,  was  raised 
much  more  than  the  western  part  of  the  basin.  While  these 
two  glacial  lakes  were  undergoing  such  changes,  a  lobe  of 
the  mainly  retreating  but  wavering  ice-sheet  lingered  on  the 
highlands  north  of  lake  Ontario ;  and  twice  its  moderate  re- 
advance  was  recorded  by  deix^sits  of  till  intercalated  with  the 
stratified  beds  of  a  lacustrine  delta  in  the  extensive  section  of 
Scarboro  Heights  near  Toronto.  The  uplift  of  the  Iroquois 
basin  as  well  as  that  of  the  Alg-onquin  basin,  is  thus  shown  to 
have  been  far  advanced  and  nearly  completed  during  the  con- 
tinuance of  their  ice  barriers. 

Latest,  the  glacial  lake  St.  Lawrence,  held  by  the  final 
blockade  of  the  waning  ice-sheet  on  the  St.  Lawrence  valley 
below  Montreal,  extended  into  the  lake  Ontario  basin  with  a 
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f.'!r^l  *:*[-  vitrr  -,y  the  -ontiircance  of  rhe  n-.trrh<a5iwar»:  *2d: 
"^■r'.iiryjc:.  Tr.e  riv^  fr:n".  Lcwiston  north  to  its  n^jctr  ba?  i 
'^'i'rr.':?:  o:  kXj  to  2r>:  :*^t.  vhich  indxcazes  almost  as  iroch  rse 
o:  *'r:*.  'j^:r.  ■,:  juct:  '  T.tario.  for  no  hirfi  waterfall  eadsttd  ta 
^r.'lr  'r^t  vr:r/  'Iftep  channel  there. 

'.'  >.r  -. i't  'Zf-Mntry  'Ahich  had  been  ice-covered  and  de- 
pr*: •?•♦:<!  urA^  the  weight  of  the  thick  continental  ice-5hcrt 
•Aii  ^frariually  upliftefi,  and  to  a  greater  hijyht  at  the  north 
tP*an  at  the  yAiih.  during  the  remo\-aI  of  the  ice  bnrdoL 
\*.'h:I*:  lak'r-  .K^^WiZ  and  Warren  still  existed  the  oortheni 
parti  of  their  areas  were  raised,  in  comparison  with  thrir 
^iUthf.m  outlet-,  joo  to  400  feet  or  more.  It  is  also  found,  by 
th«:  ]jrf:sftnt  inclinations  and  relationship  of  the  successively 
iorTTitzfl  -hor*rlines  of  these  and  the  other  associated  glacial 
laktrr,  that  this  epeirogenic  movement  proceeded  as  a  pemia- 
nrnt  wave  of  land  elevation  from  the  peripher\-  of  the  old  krc- 
A:f:t:t  inward  to  its  central  area. 

Accurate  map-^  of  the  crest  line  of  the  falls  were  made  by 
Ffall  in  1842.  by  the  U.  S.  Lake  Survey  in  1875,  ^X  Wood- 
ward in  1886,  and  by  Kibbe  in  1890.  It  is  thus  ascertained 
tliat  in  the  forty-eight  years  following  the  first  survey  the 
Itrngthening  of  the  gorge,  by  the  recession  of  the  central  part 
iti  the  Fforseshoe  fall,  was  270  feet,  the  average  rate  being 
about  five  and  a  half  feet  vearlv.  But  the  central  cun-e  or 
a[j<x  f)i  the  cataract  is  worn  back  much  faster  than  its  sides. 
b<raii>e  the  river  lias  its  maximum  depth  of  fully  twenty  feet 
at  it^  center  and  there  makes  a  plunge  of  not  merely  the  160 
fret  ir<»in  the  verji^e  to  the  surface  of  the  water  at  the  fcK>t  of 
the  fall,  l)tit  of  nearly  200  feet  lower  to  the  bottom  of  the  river. 
workini:  thus  most  effectively  to  undermine  the  horizMital 
rock   strata  and   break  down  the  thick  limestone  at  the  h^y 
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The  entire  extent  of  the  Horseshoe  fall  is  found  by  these  sur- 
veys to  be  worn  away  at  an  average  rate  of  about  two  feet 
yearly:  but  during  the  four  years  from  1886  to  i8qo  the  aver- 
age annual  rate  of  erosion  for  the  whole  was  five  feet.  Along 
the  more  shallow  American  fall,  northeast  of  Goat  island,  the 
mean  yearly  erosion  is  about  two-thirds  of  a  foot,  but  from 
1886  to  1890  it  averaged  one  and  two-thirds  feet.  The  energy 
of  this  part  of  the  Niagara  cataract  is  not  sufficient  to  remove 
its  hup'e  fallen  blocks  of  limestone,  on  which  the  water  strikes 
along  all  the  base  of  the  precipice. 

Only  the  center  of  the  Horseshoe  fall  plunges  deeply  into 
the  river  beneath,  and  its  concentrated  and  intensified  erosion 
tends  at  present  to  lengthen  the  gorge  beyond  its  normal  rate, 
which  appears  probably  to  be  about  three  or  four  feet  yearly. 
With  such  average  erosion,  the  recession  of  the  falls  and  pro- 
longation of  the  gorge  would  amount  to  one  mile  in  about 
1,500  years :  and  the  action  of  the  great  cataract  along  the  two 
miles  of  deep  water  south  of  the  railway  bridges  would  have 
begun  about  a  thousand  years  before  the  Christian  era.  The 
entire  erosion  of  the  six  and  a  half  miles  of  gorge  between 
Lewiston  and  the  present  falls  would  require  about  10,000 
years,  excepting  that  this  period  would  be  diminished  prob- 
ably about  a  third,  to  7,000  years,  more  or  less,  by  the  pre- 
glacial  erosion  of  the  St.  David's  stream  and  its  northeastern 
tributary. 

In  1841  Sir  Charles  Lyell  estimated  the  rate  of  lengthening 
of  the  gorge  to  be  about  a  foot  yearly,  and  its  age  therefore 
about  35,000  years.  Gilbert,  at  the  Buffalo  meeting  of  the 
American  Association  for  the  Advancement  of  Science  in  1886, 
comparing  the  exact  surveys,  estimated  the  recent  rate  of  re- 
cession of  the  falls  to  be  about  five  feet  yearly,  giving,  if  this 
wxre  the  average  for  the  whole  gorge,  about  7,000  years  for  its 
erosion.  Pohlman,  in  1888,  considered  the  recent  recession  to 
be  at  the  rate  of  a  mile  in  2.000  years ;  but  the  whole  period, 
as  he  first  shewed,  was  much  diminished  on  account  of  the 
preglacial  erosion.  Later,  in  consideration  of  a  supposed  loss 
of  the  outflow  of  the  upper  great  lakes,  leaving  to  the  Niagara 
river,  during  a  very  long  time,  only  a  small  part  of  its  former 
and   its  present  volume  of  water,   the  age  of  the   river  and 
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gorge  has  been  computed  by  Spencer  as  32,000  years;*  by 
Taylor,  about  50,000  years  ;t  and  by  Hitchcock,  about  19,000 
years.$  Wright,  from  a  different  and  independent  compuu- 
tion,  based  on  the  subaerial  erosion  and  widening  of  the  gorge 
in  its  most  ancient  northern  part,  concludes,  as  before  noted, 
that  its  age  is  no  more  tlian  10,000  years. 

But  there  are,  as  this  discussion  has  also  before  noted, 
ample  reasons  for  districting  the  arguments  and  computations 
of  Spencer  and  others  concerning  eastward  outlets  frxjm  the 
upper  lakes,  subtracting  their  fk>w  from  the  Niagara  river, 
which,  as  I  believe,  are  untenable,  or,  at  the  most  had  only  a 
very  short  existence.  Omitting  that  element  of  the  problem 
as  insignificant,  we  have  approximately  7,000  years,  accordii^^ 
to  the  diverse  but  concurrent  computations,  for  the  probable 
time  occupied  in  the  erosion  of  the  gorge. 

Not  satisfied  with  thus  rejecting  the  hypothesis  of  long  and 
great  subtraction  from  the  water  supply  of  Niagara,  I  wish 
to  direct  attention  to  a  \tTy  important  cause  of  great  in- 
crease of  size  of  the  river  and  falls  at  the  beginning  of  the 
gorge  erosion.  The  discharge  of  the  river  during  the  last 
1,000  years  may  be  approximately  represented  by  1,200  or 
1 ,500  feet  of  water  covering  all  the  upper  St.  Lawrence  drain- 
age basin  above  these  falls.  This  average  water  supply  I  be- 
lieve to  have  l^een  doubled  or  trebled  during  the  first  1,000 
years  of  the  river  history  by  the  added  flow  derived  from  the 
final  melting  of  the  ice-sheet,  mostly  3,000  to  5,000  feet  or 
more  in  depth,  u|)on  a  very  large  region  stretching  from  lakes 
Huron  and  Superior  far  north  and  northwest.  For  some  part 
of  this  .time  the  Niagara  river  probably  received  the  outflow 
from  the  basin  of  the  glacial  lake  Agassiz,  that  is,  the  vast 
central  tract  of  Canada  between  James  bay  and  the  Rocky 
mountains.  S  Within  its  first  1,000  years,  therefore,  the  more 
l)0\vcrful  Niagara  may  have  accomplished  about  half  of  its 
t^or^e  erosion  between  Lewiston  and  the  Whirlpool.  When  the 
river  was  reduced  to  its  present  size,  after  its  tributary  ice  melt- 

•Am.  Okoi.ooist.  vol.  xiv.  pp.  2S9-301.  Nov.,  1894-;  Am,  Jour.  Sci.,  third 
series,  vol.  xlviii.  pp.  4.r>.'.-4.72,  Dec,  1H94-;  Eleventh  Anntial  Report  of  the  Com- 
missioners of  the  State  Reservation  at  Niagara,  for  the  year  1894^,  pp.  99-117. 
with  maps,  sections,  and  views  from  photofirraphs. 

MiitUetin,  Geol.  Soc.  Am.,  vol,  ix,  pp.  59-84.  with  two  maps,  Jan.,  1898. 

tAm.  Antii/unrlnn,  vol.  xxiii,  pp.  1-24,  with  maps  and  views,  Jan.  and 
Feb..  1901. 

§"The  Glacial  Lake  Agassiz,"  Monograph  xxv,  U.  S.  Geol.  Sarrev,  1895, 
7-244. 
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ing  ceased,  2,ocx)  years  were  probably  adequate  for  the  comple- 
tion of  the  gorge  to  the  Whirlpool,  the  work  having  been 
greatly  lessened  by  preglacial  erosion.  Similarly,  on  account  of 
the  old  St.  David's  ravine,  1,000  years,  or  less,  would  suffice  for 
the  erosion  along  the  Whirlpool  rapids.  Afterward,  under 
the  present  conditions  of  gorge  lengthening,  3,000  years  were 
needed  for  the  last  two  miles,  next  to  the  present  falls.  The 
whole  history  would  thus  comprise  about  7,000  years. 

This  measure,  which  (not  to  be  too  exact  in  figures  de- 
pending on  the  many  varying  conditions  of  the  Niagara  his- 
tory) we  may  place  in  round  numbers  as  between  5,000  and 
10,000  years,  is  at  the  same  time  the  duration  of  the  period 
since  the  end  of  the  Ice  age,  or,  speaking  more  definitely,  since 
the  retreat  of  the  continental  glacier  from  the  northern  United 
States  and  Canada.  It  may  be  accepted  with  confidence,  for  it 
agrees  with  the  estimates  and  computations  independently 
made  for  the  same  period  by  Prof.  N.  H.  Winchell,  from  the  re- 
cession  of  the  falls  of  St.  Anthony ;  by  Dr.  Andrews,  and  re- 
cently also  by  Leverett,  from  the  shore  erosion  of  lake  Michi- 
igan  and  the  accumulation  of  sand  at  its  south  end ;  by  Wright, 
from  the  filling  of  depressions  among  kames  and  eskers,  and 
from  erosion  by  streams  tributary  to  lake  Erie;  and  by  Prof. 
B.  K.  Emerson,  from  postglacial  deposition  in  the  valley  of  the 
Connecticut  river.  In  Europe,  likewise,  numerous  estimates 
of  the  lapse  of  time  since  the  Glacial  period,  as  collated  by 
Hansen,  are  found  to  be  comprised  between  the  limits  of 
5,000  and  12,000  years,  being  thus  well  harmonious  with  the 
measure  given  us  by  Niagara  falls. 

In  accordance  with  the  ratios  of  the  relative  duration  of 
preceding  geologic  periods  and  eras,  having  now  found  the 
approximate  measure  of  the  latest  term  in  the  series,  namelv, 
this  Postglacial  period,  as  about  7,000  years,  we  may  well 
estimate  the  whole  Quaternary  era,  including  the  Ice  age,  as 
about  twenty  times  longer,  giving  to  this  era  some  150,000 
years.  The  Tertiary  era,  with  erosion  of  the  stupendous  Col- 
orado cafion  and  baselcveling  of  the  plains  between  the  Red 
River  of  the  North  and  the  Rocky  mountains,  appears  by  the 
changes  of  its  marine  molluscan  faunas  to  have  been  vastly 
longer,  having  comprised  probably  three  to  five  million  years ; 
and  the  very  long  preceding  eras  since  life  began  on  the  earth 
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niav  have  incliuled.  as  estimated  by  Dana,  Walcott,  and  others, 
about  one  hundred  or  two  hundred  million  years. 

If  a  much  longer  time  than  the  7,000  years  estimated  in 
this  paper  shoulcf  !)e  admitted  for  the  duration  of  the  Niagara 
river  and  the  Postglacial  period,  as  Spencer  and  Taylor  sufh 
pose,  all  the  terms  of  this  geologic  series  making'  up  the  a^  of 
the  earth  must  be  proportionallv  multiplied  five- fold  or  se\cn- 
fold.  The  whole  would  then  pass  far  beyond  the  maximmt: 
limit  which  seems  to  have  l>een  reliablv  determined  hv  the  re- 
searches  of  geolog\',  astronomy,  and  phvsics. 


NOTE  ON  CERTAIN  COPPER  MINERALS.* 

Bj  Albxandbk  N.  Wixchbll,  Batte,  Montana. 

Chalcopyrite  has  been  noted  more  than  once  as  an  acci- 
dental prf»duct  in  metallurgical  operations.  Thus,  Hausmannt 
described  it  as  resulting  from  imperfect  roasting  of  cop- 
per bearing  ore  at  the  works  in  Goslar  and  in  Ocker.  The 
mineral  was  here  found  in  crvstals  exceeding  five  millimetres 
in  largest  diameter,  twinned  and  striated:  the  crvstals  were 
of  a  fine  black  color,  and  a  little  altered  on  the  surface. 

Plattner:!:  noted  similar  crystals  in  a  crack  in  the  bed  of 
a  reverberatory  furnace  at  Mulden  near  Freiberg.  These 
crystals  contained,  according  to  analysis,  a  slight  excess  of 
iron,  and  small  amounts  of  foreign  metals. 

So  far  as  known  to  the  writer  bomite  has  never  been 
described  as  an  accidental  furnace  product,  nor  as  produceil 
artifically  by  sublimation.  Its  reproduction  has  been  accom- 
plished only  by  fusion,  or  by  the  action  of  thermal  springs 
ujx^n  bronze. 

It  is  intended  here  to  describe  an  occurrence  of  chalcopyrite 
and  bomite  at  the  smelter  of  the  lUitte  &  Boston  Consolidated 
Mining  Co..  at  Ikitte.  ^Montana.  The  minerals  form  slowly. 
attaining  their  maximum  thickness  of  about  four  inches  in  the 
c()urso  of  six   months  to  a   vear.     Thev   form   in   the   Allen- 


*Kf;ul  at  the  Denver  mi-eiins;  of  the  American  Association  for  the  Aclraocc- 
mcnt  of  Science.  \ii>fust.  ltM)l. 

f  H  AisMANS  :—Go^tt  fzelehrt.  Sachr.,  1H52.  No.  2,  p.  177.  Ref.  from   Encrc. 
Chimif|iic.  Uockukois : — Reproduction  artificiclle  des  mineraux.  p.  45. 

X  Fuciis: — Die  kunst.  durg.  Min.,  p.  62,  ref.  from  tame  tonrcr. 
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O'Harra  calciner  along  the  rails  in  the  bed  of  the  furnace.  In 
fact,  they  not  only  form  beneath  the  flanges  of  the  rails,  but 
also  slowly  replace  the  rails  themselves.  This  replacement 
continues  to  such  an  extent  that  finally,  when  the  rails  are 
taken  out,  they  have  only  a  thin  upper  surface  layer  of  iron ; 
all  the  rest  has  been  transformed  into  chalcopyrite  and  born- 
ite,  with  the  exception  of  that  portion  of  the  rails  completely 
embedded  in  the  brick  bed  of  the  furnace.  Furthermore,  the 
replacement  is  so  gradual  that  it  is  impossible  to  distinguish 
any  exact  line  of  demarcation  between  the  remaining  iron  of 
the  rail  and  the  mineral  sulphides. 

An  examination  of  these  sulphides  shows  that,  while  they 
are  somewhat  impure  from  mechanically  admixed  quartz  and 
perhaps  some  other  foreign  matter,  they  exhibit  the  true  char- 
acters of  chalcopyrite  coated  in  places  with  films  of  bomite, 
occasionally  of  appreciable  thickness.  Thtfs,  the  former  min- 
eral has  an  uneven  fracture,  a  hardness  less  than  4,  a  brass 
yellow  color,  and  a  gfreenish  streak.  The  specific  gravity  is 
considerablv  decreased  by  foreign  matter  present,  being  only 
about  3.8.  Ihe  mineral  occurs  both  finely  and  coarsely  crys- 
talline,  and  these  varieties  pass  abruptly  into  each  other.  In 
a  small  lenticular  cavity  several  crystals  were  found,  which  at- 
tained  only  about  one- fourth  of  a  millimeter  as  a  maximum 
diameter.  They  were  nearly  all  tarnished  by  a  coating  of 
bornite,  but  a  few  retain  a  brass  yellow  color.  They  present 
the  tetahedral  aspect  predominatingly ;  some  seem  to  be  mere 
triangular  tablets.  Twinning  occurs,  apparently  parallel  to 
(ill),  and  striations  are  abundant. 

The  massive  mineral  was  subjected  to  partial  analysis.  The 
copper  was  determined  by  means  of  the  potassium  cyanide 
method,  the  iron  being  filtered  off  and  weighed  after  the  titra- 
tion was  nearly  completed.  The  powdered  mineral  was  treated 
w^ith  boiling  nitric  acid  for  about  half  an  hour,  and  it  is  there- 
fore possible  that  small  amounts  of  silica  and  alumina  are  in- 
cluded in  the  iron  percentages ;  the  sulphur  was  detennined  by 
the  ordinary  barium  sulphate  metlKxl.  The  analysis  was  car- 
ried out  in  the  mineralogical  laboratory  of  the  Montana  State 
School  of  Mines  on  material  presented  to  the  school  by'  Mr. 
John  Gillie,  superintendent  of  the  Ruttc  &  Boston  Consol- 
idated Mining  Co. 
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I.  la.  II.  Ila.         III.         IV.        V. 

Cu 25.63  28.95  25.16  28.00        84.5  15  8  27.54 

Fc 34.51  38.97  35.79  39.86        30.5  39.4  38.80 

S 28.40  32.08  28.85  32.14        35.0  29.0  30.07 

Si02 8.62  9.20  9.2  3.45 

Total 97.16     100,00       98.99     100.00      100.0        93.4      99.86 

I.    Chalcopyrite  from  Allen-O'Harra  calciner  of  the  Bntte  &  Bostm 

smelter,  Batte,  Montana.    No  zinc  nor  nickel.     A.  N.  Winchtfl, 

analyst, 
la.    Same  recalculated,  omitting  Si02. 
II.    Calcopyrite  from  Allcn-O'Harra  calciner  of  the   Butte  &  Boston 

smelter,  Butte,  Montana.    No  zinc  nor  nickel.    A.  N.  Wincbcll, 

analyst. 
Ila.    Same  recalculated,  omitting  Si02. 

III.  Theoretical  composition  of  chalcopyrite. 

IV.  Chalcopyrite  from  Allen-O'Hara  calciner,  Butte  &  Boston  smdter, 

Butte,  Montana.    10  oz.  Ag.    Mr.  Steele,  assajer  for  the  Co., 

analyst.  « 

V.    Chalcopyrite  from  Castellina  Maret.,  Italy*     C-  Bechi,  analyst. 
Amer.Jour.  Sc,  1852,  xiv,  p.  61. 

The  similarity  between  the  analyses  of  the  artificial  chal- 
copyrite and  the  natural  ntineral  analyzed  by  Bechi  is  strik- 
ing. It  is  to  be  noted,  further,  that  the  crystals  analyzed  by 
Plattner  contained  a  slight  excess  of  iron,  as  does  the  mineral 
here  described. 

The  bornite  does  not  occur  in  sufficient  amount  to  permit 
of  analysis,  but  its  identity  is  established  by  the  presence  of 
the  irridescent  colors  peculiar  to  it.  The  blue  and  red  colors 
on  different  faces  are  abundant ;  and  these  colors  are  also  mod- 
ified by  the  yellow  of  the  chalcopyrite. 

Both  the  chalcopyrite  and  the  bomite  have  been  formed  by 
sublimation,  and  not  by  fusion,  since  the  temperature  of  the 
furnace  never  rises  high  enough  to  fuse  the  ores  present. 

Summarizing,  we  have  here  another  example  of  chalco- 
pyrite as  a  furnace  product;  in  this  case  it  js  formed  by  sub- 
limation ;  and,  as  it  fonns,  it  replaces  and  destroys  the  iron 
rails  of  the  calciner.  Further,  we  have  the  formation  of  bom- 
ite in  small  amounts  by  sublimation  under  the  same  condi- 
tions which  lead  to  the  formation  of  chalcopyrite  in  much 
larger  amounts. 
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EDITORIAL  COMMENT. 


EDWARD  WALLER  CLAYPOLE. 

Prof.  E.  W.  Claypole,  one  of  the  charter  members  of  the 
Geological  Publishing  Company,  died  at  Long  Beach,  Cal- 
ifornia, Aug.  17.  He  had  been  complaining  of  a  "nervous 
trouble,"  as  he  termed  it,  for  some  time.  It  had  settled  in  his 
left  hand  and  his  right  foot,  and  hampered  him  so  that  he 
could. not  ^et  about  as  he  had  been  used  to  do.  In  a  recent 
letter  to  the  writer  he  remarked  that  he  had  had  the  most  har- 
assing year  of  his  life,  resulting  from  the  sickness  of  Mrs. 
Claypole  and  his  owti  disability.  His  trouble  culminated  in  a 
sudden  rheumatic  attack  at  the  heart  whch  broug^ht  on  uncon- 
sciousness which  continued  until  his  death,  two  davs  later,  at 
sixty-six  years  of  age. 

Bom  in  England  he  adopted  America,  but  with  a  lingering 
love  for  his  bory'hood's  hearthstone,  which  caused  him  to  re- 
vert affectionately  to  the  associations  and  institutions  of  his 
native  land.  He  was  well  knowTi  in  England  as  a  geologist 
prior  to  his  coming  to  the  United  States,  and  several  of  his 
scientific  contributions  written  since  have  also  been  published 
in  England. 

His  was  a  retiring,  scientific  temper  and  turn  of  mind 
and  manner.  He  disliked  the  heat  of  any  dispute^  and  rarely 
mixed  in  any  fray.  His  even  tenor  of  mind  was  displayed  in 
the  character  of  all  hs  paners.  -.le  seemed  to  think  the  power 
of  truth  was  so  great  that  it  required  only  a  plain  and  simple 
statement  to  make  it  invincible,  however  its  acceptance  might 
be  delayed  bv  error  and  misrepresentation.  In  a  quiet  way 
however,  he  was  unswerving  from  what  he  considered  right, 
and  would  return  to  the  same,  when  onoosed,  from  different 
points  of  view,  though  never  with  direct  contradiction  of  his 
opponent.  In  that  he  always  displayed  the  highest  type  of 
mental  civility. 

His  services  to  geological  science  were  numerous  and  high- 
ly important,  and  will  be  noted  more  in  detail  in  a  future  iniiii- 
ber  of  the  Geolegist,  to  which  he  was  a  frequent  contributor. 
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Hie  -ccipe  »f  his  snulies,  ami  of  his  writings,  was  broad 
\v  L  -cientisf:  'le  !>rit»ni5e<l  ai  die  olii  school,  to  which  belonged 
norit  •f  he  ^enioijistF  of  tifr\^  yean?  a^o.  He  did  not  content 
■irrrseif  viih  -neciaiizntiim  in  any  line,  but  participated  in 
Mivv'ics.  ^aicr-ntoioj^'.  t^iadal  gei>li>jB:y,  prehistoric  anthropol- 
^'ry,  ma   n  dl  ^.jenerai  ;^)ioff}^  bii>l*>gy-  an4  botany. 

h^   vpijt   -tiucatcfl  at  die  L'niverar>-  «>f  L«xidon  from  which 

10    vccivi^i  'he   ieirreeft  of  B.  .V.  an»l  D.  S.     He  ^*a5  professor 

'!    WLtnrra  Sciwicc  at  Antioch  Gilletje.  Ohio,   1873  ^^  ^^^*' 

•'.'licfiirtiiojjpst   rc»  die  Set:r>ntl  <  jet^lDisrical    Sur\"ey  of  Pennsyl- 

-aiiia,  inHt-^-^ir  of  .Vamrai  Srience  at  Buchtel  college.  Akron. 

h:«j.     n^m    '.^H?    ro   die   dme   of  his   remo\-aI    to  Pasadena 

r^jcS  <    %nerr-  'le  was. pro te!*s?or  of  I>t»_-kl<3^-  and  geolog>'  in  the 

""in-'T)    ;''»ivrin:hiiic   Enstimte  dll  the  time  of  his  death    He 

viii    L  'i.^ik»\v    if  die  < }eoIi)ja:ical  Sjcieties  of  Ljondon.  Edin- 

mri^h   uui    Xmenca*  anil  of  the  _\iiiericaii  _\s90ciation  for  the 

. 'u^ratc.TiK'Mt     >f   S'ience.      He   was  gxeatly  beloved  and  re- 

-TT-i    )v    lis  oiipiis'  anil  by  ail  others  ^«rith  whom  he  came  into 

•mnc*.    ■!!  die  iiiuhest  senile  he  wa.5  «xie  of  humanity's  natural 

if.t'iicrnen.  N.   H.  w. 


V   -r^-Mn  -mniicarj-n  by  die  HVpartnient  oi  Mines  and  Agri- 

nit-ir:     r  \  i*v  >  urii  Wales^  orntarns  a  valuable  contribution 

:iit    ririi     c   r  n   :res.     Rticoienii ring  \-arKHis  conditions  and 

r-^MTi-    f   r  n    r*.  a:?  '4:tvenby  dieauth«:Hr.  the  writer  refers  here 

-:.c-  ai!*    ~    ^:\M  LtuTJinL-^us  ir^yci  ores  and  bauxites  of  Wingello. 

--  ^    !':]:«  r~a:!r  dian  ::ke  s<:*nie  others  Mr.  Jacquet  associates 

;i  :     '  i    iiT«:  *'«;!r:a::re  in  a  0-^rnm»xi  discussion  and  assigns  to 

'•«:'•  i:'   •:e?:^-»:ul  :n;^j^.  ^-ir.  a  change  from  igneous  rock,  gen- 

~il      ':a>a>      N" :  ?uc:i  i5s*xia:ed  origin  has  been  ascribed  to 

-  ■-:     a  ;:;•":;    :e'X<:"s  :f  die  United  Slates.     The  intimate  con- 

:•:•:  •  r      ■   :"'':   t*-?^  -:d-:   ir.  n  -ire  with  basalt   in   Xew  South 

'   I    -  L*    •;.!--  •:    "^ave  '*^^tr-n  n-'te*!  by  C  S.  Wilkinson  in  1872. 

1  .-        }^-    7   '\    M-  L>avi'l.  Mr.  David  says:  "This  fonn- 

1:    ■-.    -J.-  i  -.:;>  r::::^.'  area     :  eleven  square  miles.  ?i\Q  hundred 

:•.-  '.  - :\  :'".     -J-  V-'.  a.^res.  ant!  a  thickness  of  from  a  few  feet  t-:- 


•   '/?■?::.-«    .  .♦■  r.^-  '"r"-:' ^^hrat  Survey  of  Sew  South  Wales.     Geology  So.  2. 
Th-  It    n     irc  Ik;  >«:■_♦  ■:*'  Nfw  Sonth  Wale*.    J.  B.  jAyrBT.  Sjdney,  1901. 
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forty  feet.  These  beds  at  the  surface  consist  of  red  dusty  soil, 
passing  downwards  into  red,  yellow  or  g^ay  tuffs  and  compact 
pisolitic  ironstone,  which  in  turn  graduates  into  rotten  spongy 
basalt."  *  *  *  As  specimens  of  the  rock  vary  considerably 
in  structure  and  composition  the  term  laterite  must  be  taken 
to  have  rather  a  wide  application.  While  sc«ne  of  the  speci- 
mens are  clearly  tuffs,  others  show  little  trace  of  eruptive  or- 
igin, and  may  be  described  as  earthy  pisolitic  ironstone,  more 
allied  to  a  sedimentary  formation  than  a  volcanic.  *  *  *  The 
probable  explanation  of.  these  facts  appears  to  be  that  the 
greater  part  of  the  laterite  is  an  altered  basalt  tuff  belonging 
to  the  earlier  basalt  eruptions  of  the  Eocene  period."  In  1899 
Mr.  Jacquet  reported  that  the  pisolitic  ironstone  near  Wingello 
contains  free  alumina,  and  is  a  variety  of  bauxite.  Since  that 
date  samples  have  been  chemically  tested  from  many  allied 
deposits,  and  the  results  show  that  ferruginous  bauxite  is  dis- 
tributed over  a  considerable  area  of  the  colony.  This  ore  is  of 
Tertiary  age,  as  evinced  by  fossil-bearing  strata  associated 
with  it.    These  strata  are  sometimes  overlain  by  basalt. 

The  ore  is  composed  of  rounded  grains  of  concentric  struct- 
ure, and  varying  in  size  from  two  millimeters  in  diameter  to 
eight  centimeters.  Two  analyses  showed  respectively  alumina 
thirty-four  and  thirty-two  per  cent,  and  iron  (FegOg)  twenty- 
nine  and  forty- four  per  cent;  also  4.45  and  4.70  per  cent  of 
titanic  acid.  The  former  analysis  was  of  an  oxidized  sample, 
and  the  latter,  in  each  case,  of  an  unaltered  primary  ore.  "The 
second  analysis  seems  to  indicate  that  the  primary  ore  consists 
essentially  of  a  mixture  of  ilmenite  and  ferruginous  bauxite." 

The  author  concludes  that  not  only  this  but  probably  many 

other  deposits  of  bauxite  and  aluminous  ores  elsewhere  in  the 

world  have  been  derived  from  alteration  of  basalt ;  although  in 

some  cases  not  from  alteration  in  situ  but  from  the  distributive 

*  action  of  water  in  shallow  lakes  or  rivers  in  Tertiary  time, 

Mr.  Jacquet  calls  attention  to  the  somewhat  similar  iron 
ores  of  the  Clealum  river  in  Washington  which  have  been  de- 
scribed by  Mr.  J.  P.  Kimball,*  and  by  Messrs.  Smith  and 
Willis,  and  which  contain  free  alumina  and  may  perhaps  be 
designated  ferruginous  Ixiuxites.  Messrs.  Smith  and  Wil- 
lisf  state:  "The  Clealum  ore  resembles  in  a  general  way  some 
of  the  more  ferruginous  bauxite  ores,  and,  as  has  been  seen, 

*  Ambkican  Gbologist,  1898.  xzl,  pp.  161-163. 
t  Trmaa.  Am.  last.  Mia.  Eag.^  Pebraary,  1900. 
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:t  aisr»  r^cur'?  .vith  the  -ame  relations  to  a  basic  rock  ±ai  die 
'  jtrrman  rjauxites  -how  to  ^lasalc* 

in  another  chapter  the  author  describes  "basaitic  iron  01^" 
•  .'.  Mich  that  i^  ierh-ed  tmdoubtedly  <inrxius^  the  pnxress  ni 
Aeathering-  from  basalt.  Tliis  he  considers  an  addmonal  link 
:n  Mie  -videnre  which  ^oes  to  prove  that  aiuxninoos  iron  -xa 
rnav  liave  a  residual  -/rii^in  fmra  basalt. 

ri.e  wnter  Tonsiders  the  report  and  'ZonclosicHis  at  ACr. 
Facquet  a.s  rontrihutorr  'jxidence  of  the  truth  of  Iiis  hypotbesis 
')i  ^he  r{erivation  'A  the  Mesahi  iron  ore  which  is  also  aoae- 
times  .iistinctiy  pisolitic.  from  l^asic  .-oicanic  sand  ijatfaercd  oa 
the  Seach  •  »t  the  Tacotnic  xrean  and  accnmulated  in  greater 
thicknesses  in  the  adjacent  shallow  waters,  x.  h.  w. 

♦     THE   A.VTI'jr.iTY  oF   THE  RACES  OF   MAXKIXD. 

In  .iew  'tx  the  latest  ■iiscussions  bearrng-  on  this  •pesdofi. 
by  [{(jworth  in  the  August  number  of  the  Geoiogtcai  Maga- 
zine. ;ind  ')y  \foGte  and  'jthers  at  the  Denver  mcctxng^  of  the 


American  Association,  it  ieems  timely  to  note  here  some  of  the 
i^eoiiviQiic  rvidenccs  of  the  s^reat  antiquity  of  man.  and  m  con- 
sider the  •►riQ^in    ti  his  principal  races,  commonly  called  white, 

•oilo'A'.  :-eti,  and  black. 

Amrmqr  *^he  numerous  !«^caiities  in  the  northern  United 
.States  vhere  ■.  races  >i  man-  presence  •iurrng'  the  -ziosin^  part 
'fi  'he  Icid  aisre  iiave  ')een  foimd.  is  ^wie  in  Gaines.  CTieans 
■'Mtinty.  ?.'.  v..  ab«>ut  rifty  miles  east- northeast  fpr>m  Xia^ra 
Fails.  A  prehistoric  iiearrh  was  here  encoimtered  in  «iiggiiig 
a  '.veil,  at  the  iepth  •»/  lifteen  to  eighteen  feet  below  die  surface, 
;»rini^  it  the  ')a5e  a"  the  beach  ridge  «>f  gravel  and  sand  which 
mark-  the  iiighest  r^juthem  shore  of  the  glacial  lake  Err-quois, 
aljMiit  :r-  i^ct  aix»ve  lake  '  >ntario  1  G.  K.  Gilbert,  in  rfae  Amcr- 
'c.in  .hithrnrnioi^'st.  vol.  ii.  pp.  I73,r74,  -\priL  1880-.  trharred 
-ncr^.s.  vith  ishe<.  and  three  boulders  laid  to  inci^ise  the  fire- 
niac-^-.  •hrr'"  attcstc*!  rnan'-^  ab<><ie.  jr  a  transient  hunting  ex- 
ri-iiti'  n.   it  Mic  ::mc    vhcn  the  front  of  the  nect^iing-  :ce-she^t 

-f*t  -  -^tt-i  n  ihtr  adiacrnt  nart  :•!  Canada  cio>e  norrh  yf  Tor- 
...nt*'.  lit'!  -n  the  .\.iirnn«iacks  and  the  St.  Lawr^ncir  valley. 
*::nin:r  -lit-  v.tri-  -w  f  lake  Irr»«iuois  to  the  Mohawi-i  2nd  Hud- 
v :»n  -*'■  T'.     Tilt-  Xiactira  had  iust  besrun  to  cut  its  ,r^r:i^ :  from 
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which  the  subsequent  lapse  of  time  is  computed  to  have  been 
about  7,000  years. 

JEvidences  of  man  in  somewhat  earlier  stages  of  the  general 
decline  of  the  Ice  age  are  found  in  the  Trenton  gravels  of  the 
Delaware  valley,  in  similar  valley  deposits  of  Ohio,  and  in  the 
modified  drift  of  the  Mississippi  valley  at  Little  Falls,  Minne- 
sota. Much  older  geologic  testimony  of  primitive  man  has 
been  obtained  in  Idaho  and  California,  carrying  the  record  back 
to  a  period  probably  preceding  the  Ice  age,  but  within  the 
Quatemar>'  era.  It  is  certainly  our  duty,  however,  as  urged 
by  Holmes,  to  accept  such  testimony  cmly  when  it  is  very  clear 
and  reliable. 

Geologic  archaeology  in  Europe  rests  on  a  firmer  basis  of 
ample  observations,  indubitably  demonstrating  man's  existence 
there  before  the  culmination  of  the  Glacial  period,  and  indeed, 
I  think,  before  its  beginning.  From  my  examination  of  the  im- 
plement-bearing gravel  deposits  of  the  Somme  valley  in  north- 
em  France,  where  the  proofs  of  man's  great  geologic  antiquity 
were  first  recognized  and  published,  I  conclude  that  Paleolithic 
men  began  their  occupation  of  that  country  before  the  epoch 
of  great  elevation  of  the  lands  which  became  glaciated,  prob- 
ably contemporaneously,  in  both  Europe  and  North  America 
(American  Geologist,  vol.  xxii,  pp.  350-363,  Dec.,  1898). 
This  conclusion,  affirming  the  vast  antiquity  of  mankind,  but 
admitting  many  differences  of  views  as  to  the  history  of  the 
Quatemar}^  era  and  formation  of  the  drift,  is  believed  by  Ho- 
worth  to  be  shared  by  the  majority  of  European  geologists. 

The  origin  of  the  great  races  of  mankind,  namely,  the  Cau- 
casian or  white  race,  the  Ethiopic  or  black  race,  the  Mongolic 
or  yellow  race,  and  the  American  or  red  race,  seems  probably 
to  have  been  the  result  of  manv  thousands  of  years  under  the 
influences  of  climate,  food,  and  other  conditions  of  life,  in  the 
several  great  continental  regions  inhabited  by  these  races,  to 
which  mankind  had  previously  become  dispersed.  The  begin- 
ning of  the  human  epoch,  when  our  species  gained  such  devel- 
opment of  body  and  mind  as  to  deserve  its  generic  and  specific 
name,  Homo  sapiens,  we  cannot  well  designate  more  clearly 
than  to  say  that  it  far  antedated  the  close  of  the  Ice  age.  It 
was  undoubtedly  several  times  more  ancient  than  the  western 
Aryan  migrations,  which,  by  their  relations  to  the  waning  Eu- 
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mfr  "hat  riinoers  ;'''-tne  r^as  ^[lYcn  as  satis fscror^  risnraiK  « 
■'itn  '»#r  TiSifi*-  v:rh  our  r^re«?nt  knowiediz*:-  in  his  recsat  riigj^*- 
Mr>ns  ;is-.iCTinc'  :cx}.rjno  rf^sLT^.  as  die  probable  iuranofi  ^nsK 
i';tI^T>iithic  man  appeared  in  the  Sotmne  valley,  and  rcooD 
.'•ar\  rinrf-  .*''r;iirhic  :r.an  ::arnc  into  'western  Eurooe.  ELliifcic 
man,  knriwn  'r/  his  /er;.'  rude  stone  implements  in  stream  It- 
|y>mN  vliwh  ru-p  r»res<fn/ed  on  high  plateaus  in  sootfaera  Eng- 
lanii.  in-lfrfn^cfi  'IfMibttess  ro  a  time  considerably  earlier  dan 
irjfjijrjT)  <-ar^  atfo:  so  that  ;ve  may  perhaps  allot  mrrce  tiur 
p»TMi*l  for  Mi^  'rxistence  of  man  and  the  'ievelopment  of  his 
I>rinfipal  ra<:rs. 

All  inankinrl.  ho\v<n'er.  'TiHstitute  only  a  single  species.  A 
n-fjiiisifi-  ''f,ndirion  of  'listinctness  separating  spedcs  is  the 
inaliility  to  prorhire  hybrid  offspring,  or,  when  such  offspring 
is  pr,ssihlf  tr>  nearly  aJHe<i  species,  it  is  incapable  of  reproduc- 
tion. Jnrljrcfi  f,y  t^his  f^sential  part  of  the  definition  of  e\'enr 
'i()tt\i}^\c  or  Uiianic  species,  the  ivhole  human  family  is  specific- 
ally a  yjiolo^ic  unit.  All  its  races  and  varieties  are  fredy  fer- 
tilt!  with  each  other.  However  different  in  color,  stature. 
iVatiires.  m<*ntal  attainment,  or  all  other  qualities  which  dis- 
tincfuish  raci's  and  nations,  they  blend  together.  Such  imer- 
niini^Iin^,  mostly  of  the  black  and  yellow  races,  has  apparenilv 
l)ecn  tli<:  origin  of  the  Malay,  Australian,  and  Polynesian  pct> 
plrs.  In  America,  on  the  contrar5\  no  considerable  foreign  im- 
hTmixtiin-  n«-cms  to  have  ^xcurred  since  the  ver\'  earlv  tiiw 
when  this  continent  was  first  peopled.  The  inunigration  camt 
j)rol)al)ly  I'mm  northeastern  Asia,  across  Bering*  strait,  and 
perhaps  in  part  also,  at  nearly  the  same  time,  from  Europe. 
ov(!r  a  land  ••onnection  by  the  Faeroe  islands,  Iceland,  and 
( jrer*nian(l. 

An  •)l)j«'rtion  to  such  migrations  of  primitive  man  durii^ 
tli.r  filarial  perio<l  may  he  hased  on  the  ice-covered  condition 
•  ;!'  >,orTh  America  at  that  time,  wholly  enveloped  by  an  ice- 
.iicrt  iip<,r.  its  nnrthern  half,  northward  from  the  Ohio.  M;5- 
oKri,  and  (  oliimhia  rivers,  excepting  the  greater  part  •*■ 
Al;i  ^l^a.  1 1*  Mie  [ireg-lacial  and  early  Glacial  altitude  of  the  cor- 
iii.ei;!  h;id  hfcn  tlitr  -^ame  as  now,  this  objection  would  be  val:-:, 
.11!-:    .^<'   /«h.<jii!.i   he  obliged  to  refer  these  ancient  migratior::^ 
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wholly  to  a  time  before  the  accumulation  of  the  North  Ameri- 
can ice-sheet,  which  reached  both  east  and  west  beyond  the 
present  coast  lines.  But  it  has  been  ascertained  that  this  north- 
em  part  of  our  continent  was  then  elevated  3,000  to  5,000  feet 
higher  than  now.  During  the  epoch  of  ice  accumulation  and 
culmination,  its  boundaries  probably  failed  to  reach  generally 
to  the  coast  line  of  that  time.  Along  the  sea  border,  where 
food  supplies  such  as  savages  rely  upon  are  most  easily  ob- 
tained, preglacial  and  Glacial  man  may  have  freely  advanced 
on  a  land  margin  skirting  the  inland  ice,  as  along  the  present 
borders  of  Greenland.  It  was  only  in  the  Champlain  epoch, 
closing  the  Glacial  period,  that  the  ice-burdened  lands  sank  to 
their  present  altitude  or  lower,  bringing  the  edges  of  the  ice- 
sheet  beneath  the  encroaching  sea. 

The  many  divergent  branches  of  the  American  peoples  and 
their  remarkable  progress  toward  civilization  in  Mexico,  Cen- 
tral America,  and  Peru,  before  the  discovery  by  Columbus,  in- 
dicate for  this  division  of  mankind  probably  almost  as  great 
antiquity  as  in  the  eastei;n  hemisphere.  Although  we  are  un- 
able to  define  the  date,  in  thousands  of  years  of  antiquity,  when 
the  American  race  came  into  its  heritage,  we  may  paradoxically 
say  that  it  came  here  before  it  had  been  differentiated  from  the 
primordial  stock  of  mankind  so  as  to  be  racially  distinct. 

Processes  of  change,  whether  of  progress  or  of  regression 
and  sometimes  extinction,  are  now  taking  place  and  are  modi- 
fying species  and  races  perhaps  as  fast  as  during  any  former 
period  in  the  history  of  our  globe.  We  see  allied  varieties  or 
races  of  plants  and  animals,  living  intermingled  in  the  same 
district,  or  more  frequently  in  different  but  adjoining  regions, 
or  sometimes  quite  separated  geographically,  which  are  not 
yet  sufficiently  distinct  to  rank  as  separate  species,  but  which 
seem  surely  destined  to  diverge  more,  until  their  increasing 
difference  and  decreasing  affinity  shall  give  them  that  more  dis- 
tant relationship.  The  parent  stock  and  the  diverging  branches 
are  all  the  while  represented  by  multitudes  of  individuals.  Di- 
vergent species  and  races,  therefore,  have  come  into  their 
present  strongly  contrasted  characters  from  preceding  ancestry 
which  was  a  unity  in  its  specific  character,  but  which  resem- 
bled any  vigorous  species  of  the  present  time  in  comprising  a 
vast  number  of  individuals  occupying  a  somewhat  extensive 
geographic  area. 
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The  Creator,  working  through  long  ages  by  these  processes 
of  descent  with  modification,  wihich  we  call  evolution,  has  de- 
veloped the  great  races  of  mankind  from  some  single  older  and 
much  different  ancestral  species  of  less  intelligence.  Anthro- 
pology, the  science  of  the  development  of  man  and  his  races  and 
tribes,  agrees  thus  with  the  ^\'ords  of  the  inspired  apostle  Paul, 
in  his  address  to  the  Athenians,  teaching  them  of  God  who 
"made  of  one  blood  all  nations  of  men  to  dwell  on  all  the  face 
of  the  earth."  w.  u. 
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The  New  Basis  of  Geography.    By  J.  Q.  Redway.    The  Macmillan  G). 

Pp.  229.     Price  $1.00. 

This  book,  which  is  written  primarily  as  a  manual  for  teachers  of 
geography,  will  be  of  interest  to  the  wider  circle  of  students  of  geog- 
raphy. The  new  geography,  to  quote  the  preface,  is  "the  mutual  rela- 
tion of  geographic  environment  to  political  history  on  the  one  hand 
:ir.d  economic  development  on  the  other."  The  first  half  of  the  book 
deals  with  tin's  subject  of  geographic  environment.  .A.fter  considering  the 
influence  of  environment  on  man's  historical  development,  the  writer 
takes  up  various  incidental  influences  of  topography  on  life  and  con- 
cludes this  part  of  the  book  with  a  very  interesting  chapter  on  the  ef- 
fects of  topography  and  climate  on  the  economic  history  of  the  United 
States.  In  a  lx)ok  of  this  compass  the  treatment  must  be  suggestive  and 
elementary,  rather  than  exhaustive. 

The  second  half  of  the  book  is  of  more  strictly  pedagogical  interest, 
and  deals  with  aims  and  methods  of  geographic  teaching  in  the  ele- 
mentary and  secondary  schools.  Many  of  the  suggestions  will  prove 
helpful  to  teachers  of  physical  geography  and  geology  in  secondary 
schools. 

It  is  a  pleasure  to  get  hold  of  a  work  in  which  the  writer  has  some- 
thing to  say.  knows  what  it  is.  and  then  goes  on  to  say  it  in  a  clear,  in- 
cisive and  attractive  manner,  so  much  of  our  geological  and  geo- 
graphical writing  is  done  in  other  lines.  L.  a  w. 

Palcocoic  Faunas  of  Xorthertt  . Arkansas ;  by  H.  S.  Willi.\ms.  (Ar- 
kansas Geol.  Sur..  Ann.  Rept.  1892.  pp.  268-362,  1901.) 
Probably  no  region  of  its  size  has  had  so  much  geological  investi- 
gation carried  on  within  its  borders,  and  at  the  same  time  had  so  little 
accomplished  regarding  the  geological  age  of  the  various  formations, 
as  the  Ozark  highlands.  What  has  been  needed  most  has  been  exact 
paleontological  data.  It  is  therefore  an  exceptional  pleasure  to  see  the 
recently  issued  chapter  on  the  Paleozoic  Faunas  of  Northern  Arkansas. 
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Professor  Willams'  notes  are  the  outcome  of  much  labor  in  the  field 
by  many  individuals,  extending  over  more  than  a  decade. 

Concerning  the  general  problem  presented,  professor  Williams  says : 
"On  account  of  the  apparent  conflict  between  the  interpretation  of  the 
stratigraphy  made  by  the  field  observers  and  the  interpretation  sug- 
gested by  my  study  of  the  fossils,  I  went  to  Arkansas  in  August,  1890, 
and  traversed  the  ground  with  Dr.  Branner,  confirming  the  fact  or 
sudden  and  great  change  in  the  paleontological  horizons,  in  several 
places  where  the  lithological  characters  of  the  rocks  and  the  strati- 
graphy little  and  often  obscure  evidence  of  facts.  Although  our  ex- 
amination was  rapid  and  very  few  additional  fossils  were  accumulated, 
the  g^eat  importance  of  the  Devonian  interval,  as  it  may  be  called,  was 
clearly  established.  The  course  traversed  was  from  Batesville  west- 
ward, across  country,  to  Eureka  Springs.  The  best  expression  of  the 
details  of  the  interval  were  seen  at  St.  Joe,  where,  without  apparent 
unconformity  of  strata,  the  Silurian  limestone  is  separated  by  a  few 
feet  of  green  shale  and  nodular  sandstone,  called  Sylamore  sandstone, 
from  the  Carboniferous  limestone." 

The  geological  formations  are  assigned  ages  as  follows: 


Genevieve  or  Boston  group. 

Batesville  sandstone. 

Spring  Creek  black  shales. 

Carboniferous. 

Cherty  beds   (Boone. chert). 

Carrollton   limestone. 

St.  Joe  marble. 

Eureka  shale  (typical). 

Devonian. 


Sylamore  sandstone. 
Eureka  shale  (in  part). 


Silurian.  St.   Clair   limestone. 


Ordovician. 


Polk  Bayou  limestone. 

Izard  limestone. 

Saccharoidal   sandstone. 

Calciferous,  or  Magnesian,  limestone. 


The  faunas  of  the  several  formations  are  then  indicated  and  briefly 
discussed.  Among  the  noteworthy  features  brought  out,  none  Is  ot 
greater  significance  than  the  determination  of  the  dual  character  of 
the  great  limestone  which  the  Arkansas  field  geologists  had  long  called 
the  St.  Clair  limestone.  One  part  carries  a  typical  Ordovician  fauna, 
while  the  other  contains  Silurian  fossils.  The  distinction  is  es- 
pecially important  from  an  economic  vStandpoint.  The  manganese 
deposits  of  the  state  are  found  on  the  horizon  which  separates  the 
two  parts  of  this  limestone,  whenever  the  two  are  present  in  the 
same  section.  "Whenever  the  manganese  is  present  it  is  always  above 
or  at  the  top  of  the  Polk  Bayou  limestone  of  the  section.  The  evi- 
dence is  conclusive,  therefore,  that  the  erosion,  causing  the  interval, 
was  after  the  deposit  of  the  Polk  Bayou  limestone,  and  the  evidence 
of  the  few  fossils  in  the  Cason  shale  indicates  that  the  manganese- 
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tfPT\U\T\\r%ic  ^fVf^ht  wa.*  mkdt  at  an  agrc  closely  correspoadzof  xz  ±c 
Clmt^^  of  rh«  New  Yr>rk  iiections,  and  was  incident  to  tiie  da?- 
fniftfif  *fa^  which  su-^^/n  after  received  the  limestone  forniatioo  of  ±< 
Sf    riair   f^N'u^ra)  epoch. 

Th/r  \}cytm\kn  (fi  the  Ozark  region  has  always  been  a  pazz!e  t- 
%tfAri%n\%.  VTrfit%%ffr  Williams'  observations  go  a  long  wajs  In 
%ttWmn  ^'tne.  (A  the  most  perplexing  phases.  "In  ntunerocis  places 
in  n/#ffh  Arkansas  the  evidences  of  an  unconformity  sepaiating  the 
Silurian  from  the  overlying  Carboniferous,  arc  very  clear.  In  some 
c«^f««  tJicrc  \%  no  rock-material  separating  these  two  grand  terraoes. 
In  f»<lirr  ca«tCH  there  arc  greenish  shales,  or  coarse  sandstones,  with 
|Kili<;lirrl  K^'^itis  an<l  rounded  nodules  of  black  shale;  and  in  the  west- 
prti  j»rction  the  interval  is  occupied,  in  part,  by  a  black  shale,  the 
l''iirpktt  shale  of  the  Washington  County  report."  The  fauna  in  the 
finr  shales  which  succeed  the  black  shales  is  correlated  with  that  oi 
(lir  rotiisiana  or  lithographic  limestone,  and  "is  thus  as  late  as  the 
Kinclrrli(M»k  stage  of  the  Eocarboniferous." 

The  interpretation  of  the  facts  is  "that  the  typical  interval-mater- 
InU.  the  green  shale  and  the  Sylamore  sandstone,  were  deposited  after 
the  prridd  of  the  formation  of  the  typical  black  shales  which,  akxg 
(Itr  iHirtlcrs  of  the  Oxark  uplift,  was  terminated,  or  actoally  driren 
ontWHrd,  by  the  elevation  of  that  region;  that  these  particular  de- 
posits mark  the  stage  of  sinking  again  of  the  land  and  the  resoltasr 
einsion  which  intHxIuccd  the  Carboniferous  formations  for  ihi<  re- 
gion ;  that  the  time  was  at  the  very  dose  of  the  DevooiaB  and  be- 
ginninK  of  the  CarUvnifermis  eras.  I  conclude  that  the  e: 
tho  \ni\init  age  and  nature  of  these  deposits  is  doe  to  the 
hnvinn  boon  taken  at  places  at  low^er  or  higher  positSoa  oc  r 
\U'^ll\  vinkm>2  land  ami  expressing  the  overlap  ot  the  saccrssrrtH  nrr: 
nvcnt  vIojv^v^tN.  Further  study  of  the  whole  prvSKesi  of  tije  ae^*»5r- 
fUlinji  the  IVxonian  interval  in  the  South  has  led  «:>  lie  r.-ncrihaui: 
thr,i.  Ii^>\xc\i^r  nuich  ervxs;^>i>  of  the  mhierJyii^  S^^iar  ^ztrnsssxzn  vol 
P'axV.  the  soxl^n^nts  vM  hUok  mud  form:T^  the  s^iljcl  die  txx  i«c^ 
\\\\  fiU^x   x\\<  W^-w^iMxyf,  iM  the  IVw^iiixTi  era.     The  agr    :c  "nie  Ji^n- 

AX^^v  ;Vv  A'y-iV,^:  OoAnpc.  :he  *mcvw:foirn;rnr  inty  urc  "he  mdcstrL  v 
^^^rv1^:c;^^;":^  r:-j.x^rsrA;:^x:  ^vf  tSe  3>iii4.T>e  «  j»eninw!L.**,iiciii  "Wt  ■sn'Tmi 
*o^v  ,\;><v:  "OA*  ;:TO>vr.%"vrTr.^;x-  zr-  :he  oncTiZ  juir:  re  The  r/ 
:".Avv  Av  *r>  :hc  yi'.vv.ss'.r^-.  vAi}cT  rqp.*ii:  rhnr.  nt  -iiiit 
;N-    :.'.,-  ,\c    '."■:.  :a;:': -.<:  hiS  "Swr.  rhjrfr  rjn:jgui  irtyii ' 

' , -v     V    .>.-»,•    ^\s.ur:-i'^\   *viT>c*xrT;mfr  tb;    Carnrmritrrfiuf    xmtn    n- 

,'v     -■.■.•,-    ;\;.'    .VSV-J4:   ri-C'C*j       ,:   rr.iiiTKi  ii    in:    5»mn£    T'-rsi    z- 
^  -•  '      ■•  '  \-^    *';.^    >v   :*^;   i-:'v.  (Xirn:   rr   lur:   r»:   in:    Pn-v^tt-rTtt    ^ait- 

'..    -.-, v-v-    ;.;.-.   .- :    -^k   v;  rr       '"I:    >  *"•:    imr*^^:    \r    r«-iTr    rrt:    .—? 
Nv  '  •»    X-.:'\v   : 'V  sr.j.^r  •►>:    ^nr^corxl  riianps  o*  laars   ^tu    m-   mmr 

* '-    '•  •       ^     ■'..::     : -ir   ::»r:v»i>    -inu«rs     "iti'^aiipl     raizmp-'ii*-     Z3\..      '.ttr 
^' ■  "^  -••.    ••    rh,'-:-     :irv'^!,iTii.    he^-.-iminj:    mrm   am.    iiv^ri    rhrrr   ; 
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the  top.  Then  comes  a  sudden  change;  black  shales,  and  black  sheets 
of  limestone,  with  silicious  sand  mixed  with  them;  sometimes  beds  of 
sandstone;  but  the  order  is  various  and  different  in  separate  sections 
a  few  miles  apart. 

"It  was  in  this  black  shale  and  limestone,  with  more  or  less  sand- 
stone, that  the  new  fauna  arrived;  in  the  present  case,  a  remarkable 
fauna  for  the  locality.  It  included  species  which  have  never  been 
seen  before  in  the  Mississippi  valley,  but  are  known  in  Nevada.  It 
includes  species  which  were  never  known  before  to  occur  so  late  in 
the  series,  but  are  common  types  in  the  preceding  Devonian.  The 
fauna  points  to  some  change  by  which  communication  was  made  with 
distant  localities  in  the,  then,  sea  basin."  On  the  whole  the  Paleo- 
zoic faunas  of  northern  Arkansas  may  be  said  to  be  the  most  not- 
able contribution  to  our  knowledge  of  the  Ozarks  that  has  ever  been 
made.  c.  R.  k. 

What  is  an  Echinoderm?  by  F.  A.  Bather.     (Jour.  London  Coll.   Sa. 

Soc.  Vol.  VIII,  pp.  21-23,  London,  1901.) 

An  article  which  deserves  more  than  passing  notice  by  paleonto- 
logists is  the  admirable  summary  of  our  knowledge  relating  to  the 
echinoderms,  which  Dr.  Bather  gave  a  short  time  ago  in  a  lecture 
delivered  before  the  City  of  London  College  Science  Society.  Coming 
from  one  who  is  not  only  a  zoologist  but  who  has  had  wide  experience 
with  fossil  forms  of  life,  the  subject  is  viewed  from  the  broadest  pos- 
sible position. 

After  considering  briefly  the  characters  by  which  an  echinoderm 
may  be  distinguished  from  all  other  organisms,  the  three  principal 
theories  as  to  th€  origin  and  evolution  of  this  group  are  summed  up. 
These  three  theories  are  the  ones  which  have  had  most  influence  upon 
morphologists.  They  are  called  the  "Calycinal,"  the  "Pentactaea."  and 
the  "Pelmatozoic"  theories.  The  last  of  these  seems  now  to  be  winning 
acceptance,  but  the  other  two  cannot  be  dismissed  without  some  words. 

The  first  of  these  theories,  the  Calycinal  of  Loven,  Carpenter  and 
Sladen,  "asserts  that  certain  skeletal  elements,  with  a  definite  ar- 
rangement, form  the  ground-plan  of  all  echinoderms,  which,  therefore, 
are  all  descended  from  an  ancestor  with  such  composition  of  its  skel- 
eton. The  elements  in  question  are  the  circlets  of  plates  that  are 
present  in  the  tbeca  or  calyx  of  a  typical  crinoid,  namely,  the  five  orals 
around  the  mouth,  the  five  radials  from  which  the  arms  spring,  the  five 
basals  below  the  radials,  the  five  infrabasals  occasionally  found  be- 
tween the  basals  and  the  stem,  and  finally  a  plate  of  more  dubious 
nature — the  dorsocentral." 

The  "Pentactaea  theory"  of  Semon  crystallized  the  views  of  those 
who  held  that  "the  holothurians  were  the  most  primitive  among  echino- 
derms, and  the  family  Synaptidae  the  most  primitive  among  holothur- 
ians. Early  in  the  life  history  of  Synapta  occurs  a  stage  with  five 
tentacles  around  the  mouth,  and  into  these  pass  canals  from  the  water- 
ring,  the  radials  canals  to  the  body-wall  making  a  subsequent,  and  only 
temporary  appearance.     Semon  called  this  stage  the  Pentactula,  and 
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>tippo<t^r1  th?tr  ir.  \x^  early  history  the  clas^i  had  paisrd  Lluougii  i.  ^ 
sf;tffe.  which  h«*  r^^Wtti  the  Pentactaesi  and  regarded  as  tfae  socesEor  m 

Th#*  thirH  rh<^ry  sernM  to  have  hmoder  fomwjaiumi  dns  atfas-  :x 
th«-  otb<^^  '  \ny  the^^ry  oi  the  origin  and  evolunoa  of  tfac  fdnoD- 
'U'rrriH  ha*;  to  '-xpUm  thoxe  featnres  in  the  stmctiire  and  litt-kaanr  ^x 
iivm((  ('rhinriii«>rms  to  which  attention  has  been  oUcd;  ir  has^  to  vaL 
p  ia  for  thp  varied  structures  of  extinct  forms,  more  particniarfv  dK 
;«nrimt  rrystidft:  and  it  has  to  connect  the  echinfMierms  with  some  ai- 
'•rrd«^r  flfronp,  who<$(;  structure  shall  not  he  ecfainodermal,  but  amsfu- 
ahlr  with  \\\'aX  ai  ^ome  more  simple  animals  no^v  known  to  as,  *  *  • 
♦"ipinion  trends  towards  the  V>efief  that  the  most  important  of  these 
>trpK  wa*  a  fixed  ^tai^e  through  which  the  group  pas<ied  at  2x1  oriy 
period  of  its  rare- history,  and  the  theory  that  this  is  the  explanatioa 
of  I  he  i)eniliarities  of  echinoderm  structure  may  be  called  the  'Pdma- 
to/oir    theory.'  "  C.    t.    K. 

Intva  (irnloiiicnt   Surz>ey,  Volume  XL     Administrative  Reports.    Sam- 
I'Ki.  CM.vrM.  State  Geologist;  A.  G.  LsoifASD,  .-Vssistant  State  Geoi- 
o^i^t.     !)rs  Moine.<^,  uyoi ;  pp.  519,  with  12  plates,  9  geological  iia|» 
of  ronntie*:,  and  13  figures  in  the  text. 

Thi**  volume  contains  a  statement  of  the  progresa  of  the  sunrey 
diirinp  the  yenr  rgoi),  and  of  its  chief  directions  of  special  investiga- 
tiorm.  Iiy  TVof.  Calvin;  a  chapter  on  the  mineral  production  of  the  state 
in  that  year.  l>y  Dr.  S.  W.  Beyer;  and  detailed  reports  on  the  geology 
of  I.otii»;a  and  Pottawattamie  coimties,  by  Prof.  J.  A.  Udden :  of  Marion 
mnnty.  hy  H  T.  Miller;  of  Cedar  county,  by  Prof.  William  H.  Norton; 
nf  IV'igrr  rntirty.  hv  Prof.  Calvin:  and  of  Clay  and  O'Brien  counties,  by 
Prof  rhr)Tv.ns  11.  .\facBridc.  .Xhout  half  of  the  state  has  now  been 
firrol(»vti<''»iiy  mapped  an<l  described,  including  more  than  forty  counties 
varifiii^ly  )i(r<Miped  throughout  its  whole  area. 

It  is  aiuinMnred  that  Dr.  Beyer  is  preparing  a  monograph  on  the 
(lays  of  low'i :  that  Prof.  Norton  is  preparing  a  farther  report  on  ar- 
tesian wells,  -^iipplrmenting  his  previous  work;  and  that  a  monograph 
ott  tli<'  jrrasscs  of  Iowa,  hy  Prof.  L.  H.  Pammcl,  is  in  press,  to  be  i*- 
siifd  ,is  onr  of  the  pnhlicatons  of  this  survey.  During  the  present  year 
iiivc>tiffations  <)\  the  present  soils  of  the  state  were  expected  to  be 
taktn  up  l»v  Nfr  .\fillon  Whitney,  chief  of  the  Soil  Division  o£  the 
rnit-'d  States  '  )f«partment  of  .Agriculture. 

ri'-  f»ro«Iiu'tJon  of  coal  in  Iowa  last  year  amounted  to  $6,977466:  -m 
\\.\\  \\u\\\^\v'h<,  ^j..^05.4W<  :  and  of  stone,  g^T^sum,  lead  and  zinc  a=d 
It  Mil  ..ri\  tnj^rtluT  alH.tit  $1,000,000.  \v.  i" 

Sttutiur,'  and  n'iiti,ius  of  (.'intacrinus;  by  Frask  Sprin'ger.  « Merr. 
Mils.  ('«»nii>.  y.tnA..  Vol.  XXV,  pp.  1-90.  8  pis.,  Cambridge,  ig*.^:  • 
l'\cr  -^ince  its  discovery,  the  Cretaceous  crinoid  L"intacr?n-i-  '"i.- 
lucn  of  great  interest  to  morphologfists  and  paleontologist^.  S.^  n-n 
lias  lurn  written  alwrnt  this  remarkable  t\T>e  of  crinoid  thj.t  :t  -x^i-iA 
sorm  that  nothing  nuire  worth  recording  remained  to  be  told     Vt:  7*  ■» 
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comes  a  new  and  ponderous  monograph  containing  a  mine  of  suggest- 
ive information,  exhaustively  considered  and  superbly  illustrated. 

The  great  feature  of  general  interest  is  the  bearing  of  the  discus- 
sion on  crinoid  classification.  At  a  single  stroke  all  existing  classifi- 
cations are  not  only  thrown  into  confusion,  but  the  last  prop  is  taken 
from  under  certain  of  those  schemes  of  systematic  arrangement  which 
are  claimed  to  rest  securely  on  phylogenetic  foundations. 

Uintacrinus  has  long  been  regarded  as  one  of  the  rarities  in  crinoid 
collections.  Its  recorded  occurrences  were  few.  Mr.  Bather,  however, 
after  wide  travel  in  Europe,  found  the  form  to  be  really  widely  and 
abundantly  distributed.  In  Kansas,  g^reat  slabs  containing  hundreds  of 
beautifully  preserved  specimens  were  recently  obtained. 

To  the  morphologist,  Mr.  Springer's  studies  are  a  revelation  in 
many  ways.  Some  features  which  he  brings  out  are  unique.  The  re- 
markable information  relating  to  the  structure  of  the  base  is  particularly 
noteworthy.  The  main  distinguishing  feature  of  the  two  great  sub- 
classes of  Dicyclica  and  Monocyclica  are  here  found  in  one  and  the 
same  species. 

In  order  to  appreciate  fully  the  importance  of  the  present  discovefy, 
reference  must  be  made  to  the  recent  text-books  on  zoology  and  paleon- 
tology. "There  is  no  doubt  that  the  occurrence  of  these  two  forms  of 
base  in  this  genus  is  a  most  extraordinary  fact.  Nothing  like  it  has 
ever  been  observed  before  among  the  crinoids,  to  my  knowledge,"  says 
Mr.  Springer.  "Wachsmuth  and  Springer  held  the  presence  or  ab- 
sence of  infrabasals  to  be  a  good  family  character,  except  in  case  of 
the  Reteocrinidae,  in  which  dicyclic  and  monocyclic  genera— otherwise 
markedly  similar — were  included  by  us.  It  was  the  difficulty  presented 
by  these  genera  that  prevented  us  from  attributing  to  this  character  a 
higher  value  and  wider  significance.  Mr.  Bather,  on  the  other  hand, 
considered  the  difference  in  the  two  forms  of  base  as  sufficient  to  sep- 
arate the  Crinoidea  Inadunata  into  two  suborders.  He  has  lately  in 
the  chapters  on  the  Echinoderma^ta  in  Part  III  of  Ray  Lankester's  treat- 
ise on  zoology,  elaborated  a  scheme  of  classification,  embracing  the 
whole  of  the  Pelmatozoa,  on  phylogenetic  principles,  in  which  he  sub- 
divides the  class  Crinoidea  into  two  sub-classes :  Monocyclia  and  Di- 
cyclica. 

"The  validity  of  such  a  division  of  the  Inadunata  was  first  combated 
and  denied  in  the  monograph  of  the  Crinoidea  Camerata,  upon  grounds 
which  it  is  not  necessary  to  restate  here.  There  was  undoubtedly  much 
plausibility  in  the  suggestion  of  these  two  divisions,  more  as  to  the 
Inadunata  than  to  the  Camerata.  What  made  it  especially  attractive 
was  the  fact  that  it  was  based  upon  differences  in  the  primitive  ele- 
ments of  the  crinoid  organization,  representing  phylogenetically  differ- 
ent early  stages  of  the  only  crinoid  whose  embryology  we  know.  And 
the  argument  which  was  considered  by  its  author  to  be  conclusive,  was 
the  assumed  fact  that  there  was  no  such  thing  as  a  transition  from  one 
form  of  base  to  the  other.  What,  then,  is  the  significance  of  the  pres- 
ent discovery  in  relation  to  this  question?  It  presents  a  difficulty  far 
more  formidable  than  the  case  of  the  Reteorcrinidae. 
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"For  those  arc  Lower  Silurian  types, — amons^  ihc  earliest  known 
crinoids ;  and  it  is  quite  possible  to  suppose,  if  the  crmoids  diverged 
into  two  lines  of  development  on  this  character,  that  they  represent 
stages  somewhat  near  the  point  of  such  divergence.  If  the  two  forms 
of  base  represented  in  Uintacrinus  had  been  found  in  specimens  other- 
wise separable  they  would,  under  Mr.  Bather's  arrangement,  have  been 
unquestionably  referred  to  different  genera,  families,  orders,  and  sub- 
classes. Considering  the  apparent  identity  of  these  forms  in  every  other 
point  of  structure,  coupled  with  their  mode  of  occurrence  and  associa- 
tion. I  do  not  see  how  any  such  separation  can  possibly  be  made  in  this 
case.  We  therefore  have  apparently  to  deal  with  a  case  of  individual 
variation,  as  to  this  supposed  primitive  character,  within  the  limits 
of  a  species.  That  is  to  say,  in  this  species,  living  in  the  same  locality, 
having  the  same  environment,  floating  in  the  same  mass,  certain  indi- 
viduals matured  to  represent  one  stage  of  larval  development  i.  e.  with 
infrabasals;  and  others  in  another  stage,  i.  e.  with  basals  only. 

**In  short,  there  are  the  two  supposed  distinct  types,  Monocyclica 
and  Dicyclica,  occurring  in  both  young  and  adult  of  one  and  the  same 
species.  It  will  not  do  to  say  that  the  species  is  dicyclic,  but  in  a  cer- 
tain individuals  the  infrabasals  are  not  developed,  or  hidden  by  the 
centrale,  or  have  disappeared  by  atrophy.  If  this  were  so  the  centrale 
ought  to  be  interradial  in  both  cases;  whereas,  as  already  shown,  its 
orientation  is  reversed  from  one  to  the  other,  precisely  as  in  typical 
monocyclic  and  dicyclic  forms. 

**At  all  e\'ents,  we  have  in  Uintacrinus  perfect  proof  that  in  some 
cases  the  characters  of  a  monocyclic  or  dicyclic  base  arc  subordinate 
to  others,  and  do  not  mark  the  line  of  descent.*' 

The  nine  beautiful  plates  of  figures  give  the  best  graphic  represen- 
tation of  Uintacrinus  that  has  ever  appeared.  c  r.  K. 

Coal  Fields  around  Tse  Cliou,  China;  by  Noah  Fields  Drake.  (Trans. 

American  Inst.  Min.  Eng.,  Vol.  XXX,  pp.  261-277,  1901.) 

On  account  of  the  recent  exciting  changes  on  the  checker-board  of 
the  far  east,  the  coal  supplies  of  China  have  an  unusual  interest.  Every 
addition  to  our  knowledge  of  these  coal  fields  since  the  explorations  of 
Baron  von  Richtholbn,  over  three  decades  ago,  is  now  .«;canned  with 
avidity.     Dr.  Drake's  contribution  comes  at  an  opportune  time. 

The  coal  fields  of  Shansi  lie  about  four  hundred  miles  southwest  of 
Peking,  near  the  great  Yellow  river.  The  long  journey  was  taken 
mainly  or.  slow  river-boats,  and  the  somewhat  limited  time  at  the  com- 
mand of  ihe  author,  allowed  only  work  to  be  done  in  the  district  around 
Tsc  Chou.  Until  ver>'  recently  the  hostile  attitude  of  the  Chinese  gov- 
cnmient  and  people  towards  foreigners  and  their  enterprises,  has  kept 
the  coal-fields  from  being  developed. 

The  rock  formations  are  roughly  divided  into  three  great  terrane*. 
There  is  a  basal  limestone  formation,  the  Kohlenkalk  of  Richthofen, 
agjjrepating  2.000  feet  or  more  in  thickness;  a  median  formation  com- 
po-^ed   oi  shales,  coals,  sandstones,  and  a  flint-bearing   limestone  be<J, 
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aggregating  abom  300  f e^  in  ihickDcss ;  and  an  upper  terrane  made  up 
of  shales,  and  sandstones  of  aboni  jjooo  feet  in  thickDe<;s. 

The  workable  coal  lies  in  one  led  ^50  feet  above  tbe  flint -bearing 
limestone.  *In  tbc  Tsc  Chon  region  ibe  a^^erage  thickness  of  the  main 
or  workable  coal-bed  is  jirobablj  not  less  than  twenty-two  to  tw enn- 
three  feet.  At  the  mine  abont  ctoe  and  a  balf  miles  we«  oi  Hsi  Ta- 
jrang;  tbe  coal  is  worked  throngb  a  sbaft  529  feet  deep.  I  had  no  i»p- 
porttmity  to  measm-e  tbe  fnll  thickness  of  tbe  bed,  or  to  examine  more 
than  the  part  that  is  bcii^  mined.  Only  the  lower  ten  to  tw-elve  feet 
of  tbe  coal  is  being  mined.  I  was  told  hy  tbe  Chine**  miners  that  tbe 
full  thickness  of  tbe  bed  is  thirty  feet  (^Chinei*),  which  is  equivalent 
to  abont  thirty-six  feet  (English )."  There  is  no  waste  material  in  tbe 
coal  bed  in  any  of  tbe  mines.  If  twenty-two  feet  is  taken  as  tbe  a\-erage 
thickness  and  1.5  as  tbe  average  specific  gravity  of  the  coal,  there  arc 
about  3.ooaooo,xx>o  metric  tons  of  coal  m-ithin  the  150  sqnare  mile>. 
which  is  abont  tbe  amount  of  the  coal  area  included  in  the  map.  It 
must  be  remembered  that  this  area  is  only  a  little  of  the  ragged  cdgv 
of  the  great  coal  fields  of  Shansi.  Most  of  Shan  si  has  been  found  un- 
derlaid by  large  coal  fields,  and  the  coal  area  of  this  pro\-incc  is  greater 
than  that  of  Pennsylvania. 

All  the  coal  of  the  Tse  Chou  region  is  anthracite,  Tl:e  present 
style  of  working  the  mines  and  transporting  the  coal  presents  a  strik- 
ing contrast  to  what  might  be  done  were  modem  methods  used.  The 
great  thickness  and  the  almost  horizontal  position  of  this  coal  Kxl  make 
it  practicable  to  run  long  lines  of  railroad  tunnels  through  the  bed  an-l 
load  the  cars  in  the  mines  for  distant  transportation.  c.  r.  K 


MONTHLY  AUTHOR'S  CATALOGUE 

OF  AMERICAN  GEOLOGICAL  UTERATURE 
ARRANGED  AHPHABETICALLY. 


Ashley,  Geo.  H.  (W.  S.  Blatchley  and) 

The  lakes  of  northern  Indiana  and  their  associated  marl  dcfn^sits. 
(Dept.  Geol.  Xat.  Res.  Ind..  25th  Ann.  Rep.,  pp.  31-322,  pis.  6-12.  igoi.) 

Beyer,  S.  W. 

Mineral  deposits  of  Iowa  in  1500.     (Iowa  Geol.  Sur..  vol.  11.  pp. 
37-53-    1901.) 

Blddle,  H.  C. 

The  deposition  of  copper  by  solutions  of  ferrous  salts.     (Jour.  Gool.. 
vol.  9,  July-Aug.,  1901,  pp.  430-436.) 

Blatchley,  W.  S.  (and  assistants) 

Department  of  Geolog>'  and  Natural  Resources  (Indiana).  Twcnty- 
hf th  annual  report  (1900),  pp.  782.  31  plates.     Indianapolis.  1001. 

Blatchley,  W.  S. 

Portland  cenment.     (Dept.  Geol.  Nat.  Res..  Ind.,  25th  Ann.  Rep.. 
pp.  1-30,  pis.  1-5.    1901.) 


\ 


262  The  American  Geologist.  October,  imi 

Blatchley,  W.  S.  (and  Geo.  H.  Ashley) 

The  lakes  of  northern  Indiana  and  their  associated  marl  deposiu^ 
(Dept.  Geol.  Nat.  Res.,  Ind.,  25th  Ann.  Rep.,  pp.  31-322.  pis.  6-12.    1901.) 

Blatchley,  W.  S. 

Oolite  and  oolitic  stone  for  Portland  cement  manufacture.     iDepL 
Geol.  Nat.  Res.,  Ind.,  25th  Ann.  Rep.,  pp.  322-330,  pi.  13.     1901.) 

Buckley,  E.  R. 

Ice  Ramparts  (with  a  discussion  by  C.  R.  Van  Hise).  (Trans. 
Wis.  Acad.  Sci.,  Arts  and  Letters,  vol.  13,  pp.  142-162,  pi.  1-17.) 

Calvin,  S. 

Ninth  annual  Report  of  the  State  Geologist.  (Iowa  Geol.  Sur.  pp. 
11-30.    1901.) 

Calvin,  S. 

Geology  of  Page  county.     (Iowa  Geol.  Sur.,   vol.   11,  pp.  397--|6a 

IQOI.) 

Calvin,  S.  (and  assistants) 

Iowa  Geological  survey,  vol.  xi,  pp.  519,  pis.  12,  E>es  Moines.  1501. 

Campbell,  John  T. 

Evidence  of  a  local  subsidence  in  the  interior.  (Jour.  Geol.,  vol.  9, 
p.  437,  July- Aug.  1901.) 

Chamberlin,  T.  C. 

On  a  possible  function  of  disruptiivc  approach  in  the  formation  of 
meteorites,  comets  and  nebulae.  (Jour.  (Jeol.,  vol.  9,  July- Aug..  1901,  pp. 
369-39:^.) 

Ells,  R.  W. 

The  Devonian  of  the  Acadian  provinces.  (Can.  Rec.  of  Sci..  vol  8. 
July,  i^oi,  pp.  Z3^-My) 

Farrington,  O.  C. 

The  constituents  of  meteorites,  I.  (Jour.  Geol.,  vol.  9.  pp.  393-408. 
July- Aug.,  1901.) 

Ford,  W.  E.  (S.  L.  Pent ield  and) 

Oilaveritc.     (Am.  Jour.  Sci.,  vol.  12,  pp.  225-246.  Sept.  ic;oi.) 
Gilpin,  Edwin,  Jr. 

The  minerals  of  Nova  Scotia,    pp.  78.    Halifax,  1901. 

Grabau,  A.  W. 

A  preliminary  geologic  section  in  Alpena  and  Presque  Isle  counties. 
Michigan.     (Am.  Geol.,  vol.  28,  pp.  177-188.    Sept.,  1901.) 

Greene,  G.  K. 

Contribution  to  Indiana  Paleontology.  Part  viii.  New  Albany. 
Aug.  14,  1901,  plates  22-24. 

Hatcher,  J.  B. 

DiplfKhKus.     Marsh;   its  o.«;tcology,  taxonomy  and   probabV  habits. 

with  a  restoration  of  the  skeleton.       Mem.  Carnegie  Museum,  vol    1 
X«>.  I,  13  plates.     Pittsburgh,  1901. 

Keyes,  C.  R. 

Note  on  the  correlation  of  the  Clarinda  well  section  with  the 
schematic  section  of  the  Carboniferous.  (Iowa  (^eol.  Sur  vol  11  on 
461-464.     1 901.  •»         •       •  fF 


Author's  Catalogue.  26^ 

Kindle,  E.  M. 

The  Devonian  fossils  and  stratigraphy  of  Indiana.     (Dept.  Geol., 
Nat.  Res.  Ind.,  25th  Ann.  Rep.,  pp.  529-758,  pis.  1-31.     looi.) 

Lawson,  A.  C. 

Le  Conte,  Joseph  [Portrait.]     (Science,  vol.  14,  pp.  273-277,  Aug. 
23,  1901.) 

Leonard,  Arthur  G. 

The  basic  rocks  of  northeastern  Maryland  and  their  relation  to  the 
granite.    (Am.  Geol.,  vol.  28,  pp.  135-177,  plates  15-19,  Sept.,  1901.) 

Leonard,  A.  G. 

Report  of  the  assistant  state  geologist,     viowa  Geol.  Sur.,  vol.  11, 
p.  31.    1901.) 

Lucas.  F.  A. 

Vertebrates  from  the  Trias  of  Arizona.     (Science,  vol.  14,  p.  376. 
Sept.  6,  1901.) 

McBride  T.  H. 

(ecology  of  Clay  and  O'Brien  counties.     (Iowa  Geol.  Sur.,  vol.  11, 
pp.  461-508.    1 90 1.) 

Miller,  B.  L. 

Geology  of  Marion  county.   (Iowa  Geol.  Sur.,  vol.  11,  pp.  127-197. 
1901.) 

Newland,  D.  H. 

The  serpentnes  of  Manhattan  island  and  vicinity  and  their  accom- 
panying minerals.    (Schl.  Mines  Quart.,  vol.  22,  July,  pp.  393-410.  1501.) 

Norton,  W.  H. 

Report  of  Prof.  W.  H.  Norton  in  charge  of  Artesian  Wells.     (Iowa 
Geol.  Sur.,  vol.  11,  pp.  33-34.    1901.) 

Norton,  W.  H. 

Geology  of  Cedar  county.     (Iowa  Geol.  Sur.,  vol.   11,  pp.  282-396. 
1901.) 

Penfield,  S.  L.  (and  W.  E.  Ford) 

Calaverite.     (Am.  Jour.  Sci.,  vol.  12,  pp.  225-246.    Sept.,  koi.); 

Phillips,  W.B. 

Texas   Petroleum.      (Univ.  Tex.   Min.   Sur..   Bull.   No.   i,  pp.   201, 
plates.    Austin,  July,  1901.) 

Prosser,  C.  S. 

The   Paleozoic   formations  of   Allegany   county,   Maryland.      (Jour. 
Geol.,  vol.  9.  po.  407.-429.    July- Aug.  1901.) 

Robinson,  H.  H. 

Octahedrite  and  Brookite  from  Brindletown,  North  Carolina.     (Am. 
Jour.  Sci.,  vol.  XII.     Sept.,  1901.  pp.  180-184.) 

Rogers,  A.  F. 

A  list  of  the  crystal  forms  of  calcite  with  their  interfacial  angles. 
(Schl.  Mines  Quart.,  vol.  22,  July,  1901,  pp.  429-448.) 

Siebenthal,  C.  E. 

Silver  Creek  hydraulic  limestone  of  southeastern  Indiana.     (Dept. 
Geol.  Nat.  Res.  Ind.,  25th  Ann.  Rep.,  pp.  331-389.    Map,  pi.  14.  looi.) 


264  7^  Amenam  Geaiopst, 

Siabenthal,  C.  E. 

Tiii^  Indiana,  -ioiitic  limestone  ladxucrr  m  :r 
Rm.  fnd..  23th  Ann.  Rep..  ?p.  .j90-i95-     -QOi-y 

Sprtn^er,  Frank 

' 'mtarnmis  :    rs  -tnTcturc  iod  rciazions  .     Men.  Mizs.  'lanp  Zjc^ 
vol.  2s,  No.  I.  8  pU..  pp.  i-^    Aag_  igoi-. 

Udden,  J.  A. 

(>nAofi(y  r,i  i^rtii«i  counn-.    ■  Iowa  'jioL  Snr-   toL    ii.  pp.  =-:i. 

Udden,  J.  A. 

f'xrfAot^  of  Pottawattamie  countr.       Iowa  G«rfi.   Stir.,  toL  :l  ppi 
K/>'277.     1901.  J 

Wortman,  J.  L. 

Ijfiiriie't   of    E<K:ene  mammaiia   in   the   Mar^h    coilecson,   Peabr-tij 
\?ii-.«im.     ^Am.  Jour.  Sci.,  vol.  12.     Sept..  icoi.  pp.   103-206.; 

Wright,  G.  F. 

Recent  Ger»U>ffiral  chanjfes  in  northern  and  central  A*ia.     »'Qcart. 
Jour.  <\ro\.  9iftc...  vol.  =7.  pp.  24^-220.     if;oi. » 


PERSONAL  AND  SCIENTIFIC  NEWS. 


Dr.  E.  R.  Br;cKLEY  of  the  Wisconsin  Geological  Sanrey, 
has  been  <*Iected  State  Geolojarist  of  Missouri. 

PwiF.  R.  D.  Sali.sbt.-ry  of  the  University  of  Chicago,  has 
iKtm  in  \  Ton  tana,  in  charj;^  of  several  geological  parties  from 
rhat  nnivfrrsit^\ 

Dr.  r^>oMrs  ofAmherst.  has  been  spending"  the  surnxner  with 
rlic  American  Museum  parties  in  South  Dakota,  Wyoming  and 
Coloradr).  a.s  volunteer  as.sistant. 

.XTAfoR  A.  W.  VoGDES  has  been  transferred  from  Fort 
Fiamilt<.n,  to  the  Artillery  District  of  San  Diego.  His  address 
is  San  Die^o  Barracks.  California. 

Dr.  Thoma.s  L.  W.\tson,  of  the  Geological  Survey  of 
('W>r^n.,  has  been  appointed  to  the  chair  of  geology  and  botany 
in  D»'nison  I.'niversit\\  at  Granville,  Ohio. 

Dr.  W.  D.  Matthew  of  the  American  Museum  of  Natural 
Ffistory.  has  been  spending  the  summer  in  Wyoming  and  Colo- 
rado, rr.jloctinjr  vertebrate  fossils  for  the  museum. 

Dr.  F.  H.  Kxowlton'  recently  made  large  collections  of 
f';^'il  pianr.s  in  thtf  John  Day  basin,  Oregon.  He  was  accom- 
r^ani'^'i  bv  Prof.  J.  C.  Merriam  of  the  University  of  California. 

Mr.  J.  n.  SrTRR,  who  is  in  the  emolov  of  the  Sultan  of 
Tiirk-<rv.  has  b<^q;im  examination  of  Macedonia  and  Albania. 
Ffi;  r'-^i'!«*ire  i<  OH  the  banks  of  the  Bosphorus.  his  address 
f<«ir^-  ^(^nstantinople.  z'ia  Open  English  mail. 
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The  officers  of  Section  E,  elected  at  the  Denver  meeting 
of  the  Association  for  the  Advancement  of  Science,  are  O.  A. 
Derby,  Sao  Paulo,  Brazil,  vice-president;  and  F.  P.  Gulliver, 
Southboro,  Mass.,  secretary.  Prof.  Asaph  Hall,  Cambridge, 
Mass.,  was  elected  president  of  the  Association. 

The  earliest  traces  of  man.  Sir  Henry  Howorth,  au- 
thor of  "The  Glacial  Nightmare,"  considers  paleolithic  man 
was  preglacial,  and  neolithic  man  postglacial.  In  a  work,  soon 
to  be  issued  by  him,  he  condenses  a  vast  mass  of  evidence  just- 
ifying that  classification.  He  has  an  interesting  article  on  this 
topic  in  the  Geological  Magazine  for  August. 

Geology  of  the  South  African  Republic  The  late 
official  geologist,  M.  Molengraaf,  has  prepared  and  issued  what 
may  be  considered  his  final  summarv  report.  It  is  printed  in 
the  bulletin  of  the  Geological  Society  of  France,  fourth  series, 
vol.  I.,  No.  I.  June,  1901.  This  survey,  interrupted  and  term- 
inated by  the  unfortunate  war  of  the  last  two  years,  is  thus  not 
entirely  lost.  The  report  extends  through  seventy-nine  pages, 
and  has  a  general  geological  map. 

American  meteorites  described.  In  the  Vienna  Annalen 
K.  K,  Natur-historischen  Hofmnseums,  band  15,  Heft  3-4, 
1900,  professor  Cohen  publishes  his  "Meteoreisen-Sudien  XI." 
This  includes  new  descriptions  of  the  following  American 
meteorites:  Illinois  Gulch,  Deer  Lxxlge  Co.,  Montana;  Deep 
Springs  farm,  Rockingham  county,  North  Carolina;  Ham- 
mond, St.  Croix  county,  Wisconsin ;  Cacaria.  Durango,  Mex- 
ico; Mezquital,  Durango,  Mexico;  Mur|>hy,  Cherokee  county, 
"North  Carolina ;  St.  Francis  countv.  Missouri ;  Crosb^'  Creek, 
Cooke  county,  Tennessee;  Caiion  Dial)lo,  Crater  mountain, 
Arizona :  Merceditas,  Chanaral,  Chili ;  Kendall  county,  San 
Antonia,  Texas :  Minas  Geracs,  Brazil ;  Mount  Joy,  Adams 
county.  Pcnn.,  (^schreihcrsitc). 

The  summer  scientit^ic  meetings  at  Denvf:r,  Col.,  Aug. 
27-31,  were  notable,  not  only  for  their  geographic  location, 
i.  e.  in  the  eastern  foothills  of  tlie  RcK-ky  mountains,  but  for 
their  success  as  scientific  meetings.  The  geologists  who  at- 
tended were  greatly  satisfied  with  the  carefully  arranged  pro- 
grams of  geological  excursions,  and  with  the  character  of  the 
papers  that  were  presented.  Prof.  C.  R.  Van  Rise,  vice-presi- 
dent of  Sec.  E  of  the  American  Association  for  the  Advancement 
of  Science,  gave  an  evening  |>o])ular  address  on  the  methods 
of  deposit  of  ores  by  underground  waters.  He  questioned  the 
possibility  of  the  origin  of  ore-de|X)sits  by  upward  flowing 
waters,  and  urge<l  instead  that  such  de])osits  originate,  in  the 
first  instance,  from  downward  moving  waters,  thus  differing 
from  Posepnv.  He  thus  reached  tlie  conclusion,  borne  out  by 
facts  cited,  that  after  passing  Ix^Iow  tlie  surface  oxidized  zone 
of  mineral  veins,  the  richest  deposits  are  in  the  upp>er  portion, 
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as  it  progresses,  and  provides,  as  a  penalty,  a  nne    -n  i  r 
oceding"  one  thousand  dollars  or  two  years  in  jaii"  for  ''\rr\:z- 
ing  information  concerning-  the  public  schcK)!.  iinivtTjity.  i.-.- 
lum  or  State  lands  in  advance  of  publication.     .Secr:i>n  4  -.rr 
vides  "for  assays,  analyses  and  other  scientific  cxaininat.i  r.* 
of  specimens  of  mineral  substances  found  in  the  state.  an»:  :  r 
the  collection  and  distribution  of  statistics  relatinir  to  riic  Tir- 
cral  production  of  the  state."     For  assays,  etc.  **ani:»»nr.  nii 
rcast>nable  charges  shall  be  lixetL"     By  Section  5  prr»viM».n  :? 
made  for  instruction  in  the  University  *'in  practical,  con-niic 
and  held  geolog}'  and  mineralog}-."  Section  '>  aiithorizL-s  ri:e  re- 
moval of  the  specimens.  lxx>ks,  and  e<juipment  •)!  rhe  r'jrr.e: 
( iei)U>gical  Survey  of  Texas  (  Dumble  survey  >   to  ilie  L'nivrrv- 
ty.     These  are  loaneil  to  the  Board  of  Rel^ent^  until  such  'ir.L- 
as  the  state  may  othenvise  desire  to  use  them,     .'^^ivtiitn  7  :<  a.- 
fr)llows:     **I'or  tile  ])iirpose  of  carr}-ing  out  tiie  provisitns    f 
this  act.  the  sum  of  ten  thousand  dollars  per  annum  f»>r  :'.v- 
years,  or  so  much  thereof  as  may  l>e  necessary,  is  hereby  appr  - 
priatcd  oiu  of  the  j^eneral  revenue  of  the  state:  pn ^vidtvi  :ji:;: 
said  mineral  survey  of  the  state  shall  l>e  or)ni]>lctc<i  \v:t!ii:!  :  \ 
years." 

The  survey  \v:ls  f>rjL^anize<l  by  the  Regents  •if  tiie  L'nivtrr-::. 
<tn  .May  4.  UK^i.  at  wiiich  time  the  followini^-  apixnntir.tv.!- 
were  made: 

William  Battle  Phillips.  Ph.  D..  Professor  of  Field  and  Ec- 
nomic  *  ieolog>-  and  Mineralog>\  Director. 

Henr>-  Winston  Flarper.  Ph.  D.,  M.  D..  A&soc:ate  ?'  :V>- 
-or  of  Chemistn-,  Cliemist. 

Benj.  !•".  Hill,  M.  >.,  M.  A..  Assistant  <jeoiotns-t. 

vMiien^l  !i.  Palm.  W.  S..  ;ind  S.  H.  W- »rre!l.  A.— istri:-.: 
Chemists. 

rile  tirsT  ]uil>iicatio!i  «u'  ilie  -iurs'cy.  issue* I  umler    iir    iatj  ■  : 
Mii\.  i«K)i.  U\\\  :le!aved  until    Xtiij^ust.  In-ars  the  Milt-  "T -.\:i?  ?; - 
■r"ii'.iin.  "      It  •.•••n-«i>ts  of   loj  i):uj».'S,  two  maps.  'iu«l    iimiori:- 
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THEODORE  GREELY  WHITE. 

Br  Hbinrich  Ribd,  ItLaca.  N.  Y. 
PORTRAIT. 

Theodore  Greelv  White  died  at  his  residence  in  New  York 
city  on  July  7th,  in  the  twenty-ninth  year  of  his  age.  His 
death  was  sudden  and  unexpected,  and  will  be  much  regretted 
by  all  geologists  who  were  acquainted  with  him  and  his  work. 

Dr.  White  was  born  August  6th,  1872.  He  received  his 
earlv  education  in  New  York  citv,  and  even  while  still  a  school- 
boy  showed  the  deepest  interest  in  natural  science  and  through 
his  contagious  enthusiasm  interested  many  others  of  his  age 
in  the  same  subject.  He  entered  the  Columbia  University 
school  of  mines  in  1890,  and  during  his  college  vacations  de- 
voted much  of  his  time  to  lx)tanical  work,  making  a  detailed 
study  of  the  flora  of  Mt.  Desert,  Mc.  He  received  the  degree 
of  Ph.  B.  from  Columbia  in  1894.  his  graduation  thesis  being 
**The  Geolog>'  of  Willsboro  and  Essex  townships,"  N.  Y.  This 
piece  of  work  was  really  the  .beginning  of  a  far  larger  investi- 
gation, which  he  t<X)k  up  for  his  doctorate,  viz.  the  study  of  the 
Ordovician  in  the  Lake  Cham])laiii  valley. 

Subsequent  to  his  graduation.  Dr.  White  remained  at 
Columbia  as  a  post-graduate  student  in  geology,  taking  his  M. 
A.  degree  in  1895  and  his  Ph.D.  in  1898.  Li  i8c;5  and  1896  he 
served  as  lecturer  for  the  Department  of  l\il)lic  Instruction, 
New  York.  From  i8<>6  to  1900  he  was  assistant  in  the  De- 
partment of  Physics,  Cohmibia  Tniversity,  and  in  this  work 
showed  marked  success  as  a  teacher. 

Dr.  White's  work  on  the  Ordovician  of  ilic  l^ikc  (Iiani- 
plain  valley,  had  consumed  much  of  liis  lime  for  several  years, 
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anci  the  manuscript  was  fortunately  in  such  form  ±at .:  ar.  .- 
sent  10  press,  for  it  represents  a  splendid  piece  of  -\-'fr..  an-: 
one  at  which  he  had  labored  almost  unceasini^^iy.     He  ali-:!  hi*i 
nearly  completed  a  paper  on  the  petrography  of  :he  T-*Jis 
around  Mt.  Desert,  Me. 

Always  an  active  church  member,  he  decideii  in  moC'  s 
'^'w't:  almost  his  trntire  time  to  philanthropic  work  .im'-n;; 
lK)ys  anrl  younj^  men.  He  was  especially  interested  in  boys 
clubs,  and  with  his  own  ample  means  was  engaged  in  estab- 
lishing a  iK^y's  club  known  as  the  ^jordon  House  at  the  imtd 
his  death.  Inrleed  it  was  his  untiring-  <levotion  to  this  ause 
which  so  taxed  his  strength  that  when  taken  ill,  he  had  no 
vitality  left  with  which  to  combat  the  disease. 

Dr.  White  was  a  man  of  great  energy  and  perseverance 
and  never  left  a  piece  of  work  until  he  felt  that  everything  had 
been  done  towards  its  completion  which  was  possible,  and  it 
is  most  sad  that  his  life  should  have  been  cut  off  when  he  was 
entering  upon  a  most  promising  career. 

He  was  a  fellow  of  the  Geological  Society  of  America,  the 
Xew  York  Academy  of  Science,  Torrey  Botanical  Qnb,  Amer- 
ican Association  for  the  Advancement  of  Science,  Xew  Yoik 
MineraU>gical  Club,  and  other  organizations.  For  two  years 
prior  to  his  <leath  he  served  as  secretary  of  the  geological  sec- 
tion of  the  Xew  York  Academy  of  Science. 

He  frequently  contributed  to  various  periodicals  and  a  list 
of  his  geological  papers  is  given  below: 

Publications  of  Dr.  Theo.  G.   White. 

The  .!?eoh)j^'  or  Willsboro  and  Essex  townships.  Essex  county,  X.  Y. 

Trans.  \.  Y.  Acad.  Sci.,  Vol.  XIII.  pp.  214-233,  pi.  6  and    7. 
An  account  of  the  Summer's   Work' in  Geology  on   Lake  Champlaio 
<  with    <).    van    Ingfen.)     Trans.   N.    Y.   Acad.    Sci.,    Vol.   XV.  pp 

Tmj'   L'pper  Ordovician   Faunas   in   the  Lake  Champlazn  Valley.    Bull. 

<jeoi.   Srn:.  .\mer..   \'oI.  X..  pp.  452-462. 
Tin*   ^Jr:i?inal    Tn*nt<in   Rocks.     .\mer.  Jour.   Sci.    (z)»   Vol.   XL,   1896, 

pn    4.30-4.3^- 
'i-.i*  Fa::r.a>  <  t  rhe  Upper  Ordovician  Strata  at  Trenton  Falls.  Oneida 

C/.  X    V      Trnn-    X    Y.  Acad.  Sci.,  Vol.  XV..  pp.  71-^.  pi  II.-V. 
r<i-r>. .rr  r.n  ^hei  Relatu  n>  of  the  Ordovician  and  £4>-Si]unan  Rocks  in 

:■'  rr:',r-   ■>{  Herkimer.  Oneida  and  Lewis  Counties.     Appendi.x  A. 
*.nn.    r'rp  .  X'.  V    State  Museum.  1899.  p.  28. 
.\  '     :tr.'.'::.  r.  t- •  'I-o   Fetr^  .jsrraphy  of  the  Boston  Basin.     Proc.  BosL 

>.  ■-    Xar     Pl'.t..  \  .-i.  XXV ni..   Xo  6.  pp.   II7-156, 


New  Zealand  in  the  Ice  A^e, — Hitchcock,  271 

NEW  ZEALAND  IN  THE  ICE  AGE.*        \J 

Bj  C.  H.  Hitchcock.  LL.  D. 
PLATES   XXIV- XXVI. 

It  was  my  good  fortune  two  or  three  years  since  to  spend 
a  month  in  New  Zealand,  travelling  the  entire  length  of  the 
two  principal  islands.  During  this  period  I  noted  the  peculiar 
characteristics  of  the  glacial  phenomena;  and  will  briefly  de- 
scribe them  as  they  appeared  to  one  familiar  with  the  ice- 
markings  of  North  America.  The  New  Zealand  geologists 
have  been  diligent  in  their  study  of  these  vestiges,  with  con- 
siderable divergence  in  their  opinions.  I  append  a  listf  of  the 
papers  written  by  them  which  I  have  consulted,  including  ex- 
plorations in  the  Southern  Alps  among  the  living  glaciers. 
The  conclusions  to  be  stated  IsCter  are  my  own. 

New  Zealand  consists  mainly  of  two  large  islands,  the  one 
southwest  of  the  other  in  direct  line,  both  together  being 
about  one  thousand  miles  long.  It  is  only  the  southern  island 
that  possesses  active  glaciers  and  important  evidence  of  ancient 
ice-action.  It  has  an  area  of  55,000  square  miles,  the  two  to- 
gether amounting  to  100,000.  The  trend  is  northeast  and 
southwest;  width  on  the  average  140  miles;  length  about  500, 
lies  between  latitudes  41'  30'  and  46'  40',  longitudes  166'  30' 
and  174*  30'  west  of  Greenwich.  A  range  of  high  mountains 
is  situated  nearer  the  west  than  the  east  coast,  reaching  the 
maximum  of  12,349  feet  in  Mt.  Cook.  Only  two  other  peaks 
exceed  11,000  feet,  and  there  are  thirteen  more  than  10,000 
feet  high  in  the  Southern  Alps.  The  predominant  winds  are 
from  the  northwest  and  there  is  a  greater  precipitation  of 
moisture  on  the  northwest  coast,  the  extreme  annual  amounts 
of  rain  fall  being  126  inches  at  Hokitika  on  the  northwest  and 
twenty-five  inches  at  Christ  Church  on  the  southern  side. 

*  Read  before  the  American  Association  for  the  Advaacement  of  Science 
at  the  New  York  meeting. 

f  New  Zealand,  its  Phjsical  Geography.  Geology  and  Natural  History,  etc. 
by  P.  Von  Hochstbttbr,  1867,  English  edition. 

Geology  of  Canterbary  and  Westland.     By  Julius  Haast,  1879. 

With  Axe  and  Rope  in  the  New  Zealand  Alps.     By  G.  B.  Mannering,  1801. 

Camp  Life  in  Fiordland.      By  William  McHutchbson.  1892. 

Offldal  Reports  of  the  Department  of  Lands,  1893-1897.  By  S.  Pbkcy 
Smith.  General  Snrreyor. 

Pioneer  work  in  the  Alps  of  New  Zealand.     By  A.  P.  Harpbr.  1896. 

Climbs  in  the  New  Zealand  Alps.     By  B.  A.  Pitzobkald.  1896. 

Report  of  the  Research  Committee  appointe<l  to  collect  eridence  as  to 
glacial  action  in  Australasia  in  Tertiary  or  Post  Tertiary  time.  Captain  P. 
W.  HuTTON,  reporter  for  New  Zealand.  Prom  Proc.  Australasian  Association 
for  the  Advancement  of  Science. 
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The  terminal  faces  of  the  glaciers  now  in  morion  \^-  Tith 
their  position.  The  most  northern  are  near  latitude  41  ai  Ml 
Arthur  descend  to  3,600  and  3,000  feet  on  the  eastern  ?kfes, 
and  to  3,000  and  2,700  feet  on  the  western  slopes.  In  the  .\lpr> 
the  Tannan  glacier  terminates  at  the  altitude  of  2.500  feet :  the 
Francis  Joseph  and  Fox  glaciers  on  the  west  of  the  slope  ter- 
minate at  950  and  734  respectiveh'.  Farther  south,  as 
upon  Mt.  Eamslaw,  the  glaciers  terminate  much  higher  up  and 
diminish  in  rise.  There  may  be  glaciers  above  latitude  45*  un- 
known to  mankind  because  of  the  lack  of  exploration. 

THE  FIORD  REGION. 

In  the  earlier  periods  glaciers  must  have  abounded  in  this 
elevated  southwest  portion  of  the  island,  because  of  the  ex- 
istence there  now  of  numerous  fiords.  In  the  New  Zealand 
summer  ( Januar\' )  steamers  visit  these  fiords  or  sounds  for  the 
benefit  of  tourists.  There  are  thirteen  of  these  interesting 
chasms  on  the  southwest  coast  stretched  over  two  degrees  of 
latitude,  the  most  romantic  being  M  it  ford  sound.  The  gen- 
eral altitude  of  the  hig^  plateau  is  from  4,000  to  5,000  feet, 
while  several  peaks  rise  to  7,000  and  9,000  feet.  The  excur- 
sion steanier  sails  from  one  fiord  to  another  in  the  night  time, 
and  the  following  day  is  spent  in  explorations  of  the  interior 
valley.  The  soundings  of  the  mouths  of  the  fiords  indicate 
depths  of  forty  fathoms  and  less;  but  farther  in  they  exceed 
100  fathr.nis.  On  the  opposite  side  of  the  ridge  the  corres- 
jKniding  fiords  may  he  recognized  in  lake  Te  Anan,  Manapouri. 
\Vakati])U.  W'anaka  and  Hawea.  all  of  which  are  true  glacial 
lakes  formed  by  the  damming  of  the  fiord  by  terminal  moraines. 
There  may  have  been  here  a  different  change  of  level.  l>ecause 
the  present  mitlet  of  the  lakes  are  much  higher  than  the  inlets 
to  the  sounds. 

Plate  -xxiv  represents  the  present  locations  of  the  active  gla- 
ciers ;  the  areas  rnrcupied  by  the  ice  at  the  time  of  maximum 
j^dacialion  :  tlie  ])ositions  of  the  fiords  and  glacial  lakes,  ami 
several  irlacier  fan<  or  river  deposits,  perhaps  partlv  marine. 
The  niaj;  is  defective  in  that  I  have  been  unable  to  present  all 
tli(  Lrlacier^  and  the  extreme  liftiits  of  the  fans  and  plains. 
riicrc  inu-t  he  a  nuiltitiidc  of  glaciers  northeasterlv  from  the 
iTLrion  "f  -Mt.  ( "n  k,  or  the  southern  alps,  and  possiblv  a  few 
:n  iln-  ^nt»u-  tirlds  ])()nlerin^"  the  sounds. 
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adding  his  own  observations.  The  area  is  about  thirty  miles 
by  eighteen,  and  the  glaciers  are  situated  upon  both  sides  of  the 
main  divide.  The  books  6f  Fitzgerald,  Harper,  Mannering  and 
Green  contain  the  records  of  explorations  and  ascents  as  thrill- 
ing and  daring  as  any  in  alpine  annals.  Mt.  Cook,  the  highest 
of  the  peaks,  was  first  practicallv  ascended  by  Rev.  W.  S. 
Green,  in  1882,  and  later  by  Zurbriggen  the  celebrated  Swiss 
guide,  in  1895,  who  had  gone  to  New  Zealand  in  the  employ 
of  E.  A.  Fitzgerald. 

The  Tasman  is  the  most  important  of  all  these  glaciers.  It 
is  eighteen  miles  in  length,  rising  between  Mts.  Elie  de  Beau- 
mont and  Darwin.  10,200  and  9,715  feet  high,  and  receiving  as 
tributaries  on  the  left  the  Rudolph,  Forrest-Ross,  Kaufman, 
Haast,  Freshfield,  Hochstetter  and  Ball  glaciers :  on  the  right 
Darwin,  lionney,  Beetham,  Barkley,  Langdalc,  Walpole,  Reag 
Dorothy  and  the  Murchison,  second  only  in  size  to  the  Tasman. 
The  water  from  the  Mueller  and  Hooker  glaciers  joins  the 
drainage  from  the  Tasman  below  the  Hemiitage.  which  gives  a 
more  extensive  floo<l  plain  than  that  described  fcr  the  Dart 
river.  The  Tasman  has  the  altitude  of  6,136  feet  two  and  a 
half  miles  below  its  renwtest  beginning;  falls  to  4,178  feet  op- 
posite the  Hochstetter  glacier,  where  it  is  entirely  covered  by 
moraine  material.  This  debris  covers  six  and  one-half  miles 
extent  of  the  lower  part  cf  the  Tasman.  being  one  and  one- 
fourth  miles  wide  at  its  lower  end  and  two  miles  wide  at  the 
union  with  the  Murchison.  It  is  less  than  three- fourths  of  a 
mile  wide  for  three  miles  of  its  course  and  broadest  high  up 
between  Mts.  Beaumcnt  and  Darwin.  The  altitude  of  the  sur- 
face of  the  ice  at  the  terminus  is  2490  feet,  the  wall  being  140 
feet.  The  moraine  is  continucus  for  eleven  miles  from  the 
terminus  up  to  the  head  of  the  Rudolph  glacier.  Hochstetter 
glacier  starts  in  a  great  oval  mass,  two  by  three  miles  in  ex- 
tent, between  Mts.  Cook  and  Haast,  making  a  great  i)lateau  on 
the  north,  and  joined  by  the  two  tributaries  Linda  and  Adam- 
son  on  the  south,  and  the  united  mass  falls  ever  a  precipice 
nearly  2,000  feet  high  before  uniting  with  the  Tasman.  The 
pieces  unite  by  regelation  and  move  four  miles  down  the  slope. 
On  the  west  edge  of  the  Tasman,  upon  tlie  moraine  descending 
from  the  Ball  glacier,  a  hut  has  been  erected  for  the  accommo- 
dation of  travellers,  3.402  feet  high,  and  twelve  miles  distant 
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from  the  Hermitage,  2,506  feet,  and  it  can  be  reached  easily, 
by  horses.  It  is  a  very  convenient  starting  point  for  the  ex- 
ploration of  the  Mt.  Cook  region.  The  total  area  of  the  Tas- 
man  glacier  is  twice  that  of  the  Aletsch  glacier  in  the  Swiss 
alps. 

The  Murchison  rises  farther  to  the  northeast  than  the  Tas- 
man,  from  Mt.  Cooper  7,837  and  Aylmor  8,819  feet,  and  curves 
so  as  to  move  southerly  at  the  altitude  of  5,791  feet.  Manner- 
ing  joins  it  at  5,084  feet,  followed  on  the  same  west  side  by  the 
Dixon,  Wheeler,  Baker,  Cascade,  Onslaw  and  Bamett,  glaciers. 
The  Harper  and  Aider  glaciers  are  tributary  on  the  east  side 
near  the  upper  limit.  The  Murchison  makes  a  sweep  of  180* 
before  being  joined  by  the  Mannering,  which  has  brought  some 
debris  to  cover  its  own  mass,  while  the  Murchison  is  free  for 
a  mile  and  a  half  below  the  junction.  The  extreme  length  of 
the  moraine  covering  is  four  miles,  and  the  lines  of  blocks  are 
distinct  as  they  are  upon  the  Tasman.  Each  tributary  pushes 
debris  upon  the  main  glacier  whose  angles  of  direction  soon 
change  their  course  to  fit  the  motion  of  the  larger  mass.  The 
extreme  length  of  the  Murchison  glacier  is  eleven  miles,  with 
the  usual  width  of  a  mile.  Below  the  terminal  cliff  vigorous 
streams  of  water  meander  across  the  valley  for  five  miles  till 
it  reaches  the  Tasman,  and  then  the  water  is  crowded  to  the 
east  side  of  the  ice.  The  terminal  cliff  is  eighty  feet  high  or 
3,385  A.  T.  The  flood  plain  below  commences  at  3,308  and 
strikes  the  Tasman  at  2,869  ^^^  ^  ^^^^  <^f  eighty-eight  feet 
per  mile 

The  Mueller  glacier  reaches  nearly  to  the  Hermitage  and 
has  piled  up  a  huge  moraine  250  feet  high  behind  the  hospice. 
A  general  view  of  the  lower  portion  shows  morainic  bands  very 
similar  to  those  upon  Agamir's  classic  diagram  of  the  Viesch 
glacier.  The  Hooker  glacier  comes  down  from  the  west  flank 
of  Mt.  Cook  and  exhibits  finely  the  moraines  and  the  ribbon 
structure  of  glaciers.  It  is  formed  by  the  union  of  the  trib- 
utaries Empress,  Xoeline  and  Mona  glaciers. 

The  other  glaciers  shown  upon  the  map  are  tributary  to 
the  rivers  draining  the  northwest  slope  of  these  alps ;  being  at 
the  south,  the  Twain  and  Copley,  branches  of  Karangua  river; 
then  the  Cook,  the  Balfour  and  Fox  branches  of  Cook  river; 
the  Wakupapa  and  Waiho  rivers.     The  Douglass  glacier  is  in 
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two  parts ;  the  highest  commencing  as  neve  upon  the  west  flank 
of  Mt.  Septon,  and  running  parallel  with  the  main  glacier  for 
four  miles,  and  supplying  it  with  avalanches  along  its  whole 
course,  nowhere  touching  the  lower  body.  The  precipices  over 
which  the  ice  falls  vary  in  hight  from  200  to  1,500  feet,  over 
which  avalanches  fall  from  twenty  to  twenty-five  feet  every 
hour.  Arrows  upon  the  map  indicate  the  general  direction  of 
this  movement. 

The  Fox  glacier  has  been  explored  considerably  because  it 
is  the  nearest  of  the  west  coast  glaciers  to  settlements,  and  de- 
scends the  nearest  to  the  sea  level  (734  feet).  Cook  river  of 
which  the  Fox  is  a  tributary,  is  a  **wide  unsightly  stretch  of 
shingle  flats  covered  with  large  masses  of  drift  timber,  through 
which  the  water  meanders  in  numberless  channels."  At  the 
mouth  of  the  Fox  branch  these  flats  are  two  miles  wide.  Some 
of  the  moraine  piles  reach  the  hight  of  1,500  feet.  The  prin- 
cipal tributary  of  the  Fox  is  the  Victoria  glacier,  whose  term- 
inus is  over  a  precipice  one  thousand  feet  high.  The  Fcx 
arises  from  the  western  slope  of  Mts.  Haidinger  and  Tasman. 
and  is  ten  miles  long  with  a  remarkable  local  neve  at  its  source. 
The  terminal  face  is  756  feet  high,  and  is  covered  by  debris  for 
fifty  chains.  It  is  said  that  the  retreat  from  melting  is  apparent 
in  the  middle  rather  than  at  its  end.  Measurements  in  the  win- 
ter showed  a  motion  in  this  glacier  from  twenty-one  to  thirty- 
one  feet  in  twenty-eight  days.  Near  the  lower  end  there  is  a 
fine  hot  spring  and  a  lx)ulder  thirty  feet  high  and  three  hun- 
dred and  fifty  in  circumference.  Tony's  rock,  lower  down,  i.- 
156  feet  high  and  has  a  diameter  of  268  feet.  In  the  Copeland 
valley  Fitzgerald  measured  a  boulder  300  by  200  by  100  feet  in 
linear  dimensions  and  "there  were  others  still  larger."  There  is 
a  large  tree  growing  upon  tlie  top  of  one.  I  have  not  seen  any 
notice  of  any  larger  boulders  than  these  are  in  any  glaciated 
district,  and  their  immense  number  interferes  seriously  witli 
exploration. 

Observations  upon  the  rate  of  motion  of  several  of  these 
glaciers  have  been  made  with  care.  On  the  Tasman,  in  the  sum- 
mer, the  average  daily  rate  Nvas  from  ten  to  eighteen  inches : 
in  the  Murchison,  the  average  daily  rate  was  from  one-half  to 
seven  or  eight  inches;  on  the  Hooker,  from  i.i  to  5.4  inches; 
on  the  Mueller  from  4.1  to  9.6  inches.    The  Franz  Joseph  gla- 
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larz^T  •-:r2tn  area  open  for  X'lksx  tocrists-  iiany  of  these 
pcak%  aryi  :oe  p-Iafn*  airaft  the  tread  of  cxplocrrs.  Ml.  Scpton 
:«  the  y.zntrhr/m  of  the  Socrfacm  alps,  rising  from  ♦be  valley 
to  rjlly  as  great  a  hight  as  -foes  its  procoqrrc  frxDox  Ac  rillage 
c.f  Zerman  and  at  a  steeper  angle.  At  the  Hermitage  there  is 
a  constant  ^e^es  of  avalanches,  startling  one  by  their  deafening 
roar,  and  being  plainly  \-isibie. 

3-  There  are  pectiliarities  in  the  varices  phenomena.  Lat- 
eral and  terriinal  moraines  oTnstrtnte  the  boflc  of  the  deposits, 
containing  vtry  few  scratched  sfxies.  There  is  no  g^nxmd-nio- 
raine.  or  bculder  clay  containing  glaciated  pebbles.  Silts  are 
n<^it  uncommon.  Eskers  and  dnunlins  hare  not  been  observed. 
Loess  is  recognized  at  several  localities,  always  of  aqueoos  ori- 
gin. Embossed  rocks  and  smoothed  snrtaces  are  less  conspic- 
uous than  in  New  England,  and  it  is  claimed  that  their  ob- 
scurity is  due  to  their  great  age.  Glacial  striae  are  scarce  and 
none  are  found  upon  the  tops  of  ridges.  The  scarcitv  may  be 
due  in  part  to  the  absence  of  protecting  till. 

4.  To  an  American  the  glacial  fans  are  the  most  conspic- 
uous and  characteristic  features  of  the  Xew  Zealand  ice  work. 
All  the  rivers  proceeding  from  the  existing  glaciers  are  ver>- 
turbid,  and  of  large  volume  in  the  summer  season.  In  this 
respect  they  strongly  contrast  with  the  streams  coming  from 
highlands  without  ice.  which  shrink  to  small  dimensions  or 
dry  up.  The  first  may  be  styled  snow  rivers,  and  the  second 
rain  rivers. 

5.  The  opinion  prevails  at  the  antipodes  that  the  greatest 
extension  of  the  glaciers  occurred  in  the  Pliocene  period.    Capt. 

♦I-'.  W.  Hutton  in  a  table  of  the  sedimentarv*  formations  in  Xew 
Zealand,  assigns  the  older  glacial  deposits  to  the  older  Pliocene* 
at  the  base  of  the  Wanganui  system,  whch  is  the  equivalent 
of  the  Pliocene.  He  concludes  that  the  "former  g^eat  extension 
of  our  glaciers  was  caused  by  greater  elevation  of  the  land  dur- 
ing the  interval  between  Paseora  [Miocene]  and  the  marine 
beds  of  the  Wanganui  system.''* 

Sir  James  Hector,  director  of  the  Geological  Survey,  says 
that  the  Pliocene  was  characterized  by  the  "greatest  activity  of 
the  volcanic  forces" ;  and  in  the  south  island  "the  great  area 
of  land  above  the  shore  line  intensified  the  erosive  action  of 
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the  glaciers  radiating  from  the  mountain  centers,  and  gave  rise 
to  enormous  deposits  of  gravel,  such  as  compose  the  greater 
part  of  the  Canterbury  plains"  etc.*  Dr.  Haast  refers  the  gla- 
cial deposits  to  both  the  upper  Pliocene  and  Pleistocene,  t  A 
very  natural  conclusion  may  be  that  the  glacial  age  in  New 
Zealand,  representing  that  of  the  antipodes  generally,  pre- 
ceded the  same  period  in  the  northern  hemisphere.  This  will 
help  us  in  formulating  glacial  theories,  since  both  polar  regions 
were  glaciated  alternately. 

6.  The  large  cursorial  birds,  or  the  Moos,  of  which  eigh- 
teen species  have  been  described,  seem  to  have  flourished  in  the 
ice  age  and  the  early  Pleistocene.  From  a  study  of  the  distri- 
bution of  the  genera  and  species  it  is  concluded  "that  the  two 
islands  of  New  Zealand  were  separated  from  each  other  after 
the  development  of  most  of  the  genera,  but  before  the  develop- 
ment of  the  known  species,  except  of  course  Anomalomis  anti- 
quus  of  the  Miocene,  and  that  they  have  not  since  been  united." 
The  older  deposits  are  in  the  gravels  and  caves,  the  latter  in 
turbaries.  For  convenience  I  add  a  list  of  the  species,  after 
Captain  Hutton.  A.  oweni,  Haast ;  Dinornis  giganteus,  Owen ; 
Megalapter>'x  tenuipes,  Lyd. ;  Cela  carta,  Owen;  D.  ingens, 
Owen;  Anomalomis  gracilis,  Owlen;  Euryapterx  exilis.  Hut- 
ton;  D.  struthioides,  Owen  in  part;  A.  didiformis,  Owen; 
Pachyomis,  rothschildi,  Lyd. ;  P.  pygmaeus,  Owen ;  Dinornis 
dromaeoides,  Owen ;  Palapteryx  geranoides,  Owen. 

From  Trans.  New  Zealand  Institute,  1896.  Nearly  all  these 
species  are  reproduced  in  the  Canterbury  Museum  at  Christ 
Church.  This  collection  has  been  built  up  chiefly  by  means  of 
exchanges  of  the  Dinornis  bones  with  other  objects,  with  Eu- 
ropean and  American  institutes.  Dr.  Julius  Haast  founded  the 
museum  and  Capt.  F.  W.  Hutton  is  its  present  director. 


*Catalofnie  of  seolo^cal  exhibits  at  the  Indian  and  Colonial   Exhibition, 
London,  1886. 

fOeoIosy  of  Canterbury  and  Westland,  p.  251.  1879. 
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FN.  I.     MauB  formed  «f  two  unequal  growth*  of  Plitnlipora  fitradio8  thtoogh  the  upper  *li 
._  _r™._. limwtone  Into  the  base  of  IheRocbeeteribale.    DimcDiioDii  32  i  11  ftet. 


Fid.  3.    Aa  oblique  growth  which  probabli  etatted  In  rtt  4tpt«iL\oo  »^  "ft.   '^'** 
jp-owth.  C.  in  aa^t  or  ImbiicaatiK  dome-ahapcd  sbdl*  ot  Plstwttvoie.,    T>»  oXiWijwi 
AJ/.T- 13  ft«(  long.    A— Rochnter  sbale.    B— portion  cUc&s  Tittiottte*  mi4  etv^*k'= 
RBBFS  IS  THE  OBNESBB  RWtNE  XT  S.OCH.BST«», 
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miles  to  the  westward.  THe  Clinton  masses  are  limited  to  the 
upper  half  of  the  Clinton  upper  limestone  or  projecting  into  the 
Niagara  shale  above,  but  occur  at  varying  horizons  within  this 
limit ;  neighboring  masses  usually  start  at  about  the  same  base 
level  and  by  far  the  greater  number  but  a  little  above  the  mid- 
plane  of  the  limestone  stratum. 

In  general  these  accumulations  may  be  roughly  compared 
to  greatly* thickened  lenses.'  [PI.  xxx,  Fig.  7.]*  However,  they 
may  be  elongated  or  oblique  to  the  vertical  axis.  [PI.  xxvii, 
Fig  3.]  In  size  they  var>'  considerably.  The  extremes  observed 
range  from  one  to  fifteen  feet  in  thickness,  and  in  breadth  from 
two  to  fifty  feet,  though  they  may,  as  cited  at  Marble  creek, 
form  an*  irregular,  continuous  stratum. 

The  strata  above  and  below  the  lenses  are  often  so  strongly 
bent  in  conformity  to  these  less-yielding  masses  as  to  produce 
an  arching  or  doming  of  the  overlying  Rochester  sliale  and  a 
sagging  or  basin-like  depression  which  extends  into  the  Clinton 
upper  shale  beneath.  This  deformation,  taken  with  the  rough 
and  irregular  structure,  gives  them  the  semblance  of  inclu- 
sions. More  careful  inspection,  however,  shows  th^  limestone 
strata  on  either  side  continue  as  a  rule  into  the  mass  [PI. 
xxvii.  Fig.  i],  where  they  miy  doubly.. in  thickness  and  the 
bedding  becomes  lost  in  the  obscure  structure;  Shale  partings 
thin  out  as  they  reach  the  lens. or  encroach  but  a  little  distance 
upon  it,  [PI.  xxvii,  Fig  i.]  with  only  rare  exception  appearing 
tc  extend  through,  dividing  thxi  mass  into  upper  and  lower 
portions.  Beds  running  into  the  upper  portion  are  traced  with 
upper  flexure,  those  into  the  lower  portion  with  a  downward. 

From  these  facts  it  would  appear  that  the  lenses  were  pro- 
duced by  local  thickening  of  the  successive  limestone  layers  in 
the  process  of  their  deposition.  Hence  it  is  to  be  inferred  that 
their  construction  was  not  rapid,  but  in  some  instances  con- 
tinued through  the  time  when  the  latter  half  of  the  limestone 
was  accumulating,  and  possibly  during  the  beginning  of  the 
Rochester  shale.  - 

At  Rochester  this  Horizon,  being  a  plane  of  subterranean 
drainage,  has  suffered  considerable  mineralization  and  dissolu- 
tion.    This  is  shown  by  numerous  small  cavities  spanned  by 

■  "■■         •■  '■  I t : f  ,  ■■         ■ 

*  Tbe  photographs  reproduced  an  plates  27-30  were  taken  by  Mr.  Grorgb 
W.*Kbi*1,OGG,  of  Rochester,  several  of  them  under  difficulties.  The  writer  i» 
greatly  indebted  to  Mr.  Kellogg's  photographic  skill  and  intelligent  interest. 
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miles  to  the  westward.  The  Clinton  massrs  arr  liinitrrl  to  ilir 
upper  half  of  the  Clinton  upper  Vmrstrmc  or  projrrlin^j  iiilo  tlir 
Niagara  shale  above,  but  occur  ar  varying  horizons  wit  Inn  thi« 
limit;  neighboring  masses  usually  start  at  aUiUt  flir  tatnr  lu^r 
level  and  by  far  the  greater  numJjer  hut  a  littlf:  aU^vr  tlir  mul 
plane  of  the  limestone  stratum. 

In  general  these  accumulations  may  Itf.  roiisfhly  rmnjMrrft 
to  greatly  thickened  lenses,  ff'!.  xtx,  fisf  7  j*  Mr*wrvrf,  fhry 
may  be  elongated  or  oblique  ro  :hft  \-^.r:rkl  knn  f  PI  /<vji. 
Fig 3.]  In  size  they  var/  crir.i:rf»^r:i>i'V  Thf  ^/f  r^-rnr?  ^.tiQri'vrfl 
range  fn^m  one  to  fifteen  ff*et  :r.  •:-.:r.>.-.^^^  ur^,  m  hT*r;4/ifi,  frr*f,, 
two  to  fifty  feet,  thou^:  rhe-  — ^ "  =*-  '  *^'*  *-  Vf.«fl,ir  rrrrV, 
form  an  irregular,  iionrin-ij:^:  .fr^r::-.-. 

The  strata  ab< jv*^  ar.r:  '".•»:!■.  •  v  * :: p  p-.  ;•- ;;  :€.■'*  -.  *  .>r.  i» .  i<  r '  .t .  v£ I  / 
bent  in  conformir-  v.  ^:e:^'•  .i-'n-  t-'-r'.-.T-.w  ruA.<^r-^  a^  t,  '.r'^li.i*- 
an  archinjGT  or  ■irxviner  f  \:f  .•■'-•  :'.fy  r.v-.r,-*.--  ^;.u.r  nwi  1 
sagging '^  ba:?  in-:  iiict  "ir-^r*'-.  r.r  i--:!:-.  »v..»-y'.^  :.!..  :.n  '^  imti.f, 
upper  shale  ben earh.  7!ii>.  '.r-.rr.ui.tj:  ^j.*-,  ■•  r.i  ..#.  ■  ..i.^^ 
and  irrejTTiiar  ■;rr'ir:'.ir •     2:'  ''     ■-■.'^'     '*•    -^t.  i.'ieur-«     .« 
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sions.     ^r-.n-^  'jir'.rii    n-c^r :...•:    -./.i'-  '-'     -./.<••     :.rr  ;•».#.. ♦.,,„ 
strata  '-^n   -finier   -;f:r    "n\.\::\r'    *.     -    ^ '..*>    r.fi.    *../.     ,.ui-. 
xxvii,   Fi^".    :       witrr'    ::-•-'    v^t*-        .».'/'    .•.    :.:.•>.,«■.-     m/:    :.* 
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nttd\t^  of  ct\t%tiit,  and  the  abundance  of  scnall  sphemks  of 
marca<iitr.  In  the  len^tea  themseivea  ca:irities  filled  witfa  gTpsnm 
m  frnn  or  five  pound  masses  are  commofi.  At  Xiai^^ara  serenl 
of  thrs^c  core<»  have  been  found  weighing  from  ten  to  fiftea 
pfAwrh.     [f1.  xxix.  Fig.  6.] 

The  rock  is*  apparently  a  structureless,  excecdtngir  com- 
pact, flolrmiitic  limeittone,  breaking  with  ao  imperfect  coo- 
chrrtflal  fracture.  In  color  grayiish  blue,  it  weatiiers,  like  the  in- 
cluding fied^.  to  a  light  brown  or  yellowish  hue, 

r>nly  by  weathering  is  the  true  character  of  these  masses 
clearly  brmtght  out,  and  a  satisfactory  explanation  of  their 
origin  made  pfMsible.  Then  they  prove  to  be  mainly  composed 
of  a  remarkable  development  of  fistuliporid  and  other  bryoxooii 
forms,  and  to  contain  unusual  accumulations  of  cephalopods, 
trilobites  and  brachiopods.  Many  of  the  species  are  rare  or 
unknown  in  the  surrounding  limestone. 

The  lenses  of  Rochester  alone  have  yielded,  exclusive  of  the 
Bryozoa,  which  will  probably  add  very  materially  to  the  num- 
ber, sixty-eight  genera,  ninety-nine  species  and  two  varieties, 
disposed  as  follows : 

Class.  Gbnbsa. 

SpotiKM 2 

Comli 8 

Crinoidfi 4 

Cystidi 1 

Tubicolons  Annelids 2 

BrAchiopods 29 

Pelecypodi 6 

OAitcropodK 6 

Ccphftlopodp 3 

OstfACodeii 1 

Trilobitw 9 

Total 68  99  2 

PRKVIOI'S  OBSERVATIONS. 

i'his  pluMionKMu>n  was  obsorvcnl  by  Dr.  Eugene  N.  S.  Ring- 
nolvrc."^  in  C "Orleans  and  Niagara  counties  in  the  vicmiiv  oi 
1  ivk|>t>ri  aiul  (ias|x>ri.  He  found  tlicni  in  restricted  areas  and 
o\  v\\vnuc\\  variablo  ihiokness,  appearing  to  be  limited  :o  the 
capping  piano  of  iho  Clinton  upper  limestone.  In  Tiew  w  the 
irrocular  and  imdnlatinir  appearance  of  the  upper  surface  aiK: 

•Thr  li volution  of  Pormj*  from  th«  Clinton  to  tke  >S 
SAt.,  Siptrml^rr.  1SS2.  p.  Til. 
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the  position  of  many  of  the  fossils,  he  considered  these  bodies 
accumulations  of  organisms  swept  together  by  eddies  and  cur- 
rents charged  with  the  fine  sedimentary  matter  in  which  we 
now  Aid  them.    Dr.  Ringueberg  listed  forty-eight  species. 

Prof.  J.  M.  Clark  under  the  announcement  "Faunal  Col- 
onies in  the  Clinton  beds,"*  mentions  the  occurrence  of  these 
bodies  in  western  New  York  through  Orleans  and  Niagara 
counties.  He  describes  them  as  lenticular  masses  of  limestone 
ten  to  thirty  feet  in  diameter  and  entirely  disconnected,  those 
in  one  plane  lying  imbedded  in  the  midst  of  the  Clinton  lime- 
stone, though  of  wholly  different  texture  and  composition 
therefrom :  in  another,  l)ang  in  the  shale  above  the  limestone 
and  displacing  or  being  surrounded  by  the  lower  shaly  beds  of 
the  Niagara  group  (Rochester  shales). 

Amadeus  W.  Grabau,  in  his  "Paleontology  and  Geology  of 
Niagara  Falls  and  Vicinity,"  f  under  the  heading  "Limestone 
Lenses  of  the  Clinton"  says :  "At  intervals  in  the  up|>er  Clin- 
ton limestone  may  be  seen  large  lenticular  masses  of  compact, 
hard,  apparently  structiu-eless  limestone,  often  concretionary 
and  not  infrequently  showing  numerous  smooth  and  striated 
surfaces  of  the  type  known  as  'slickensides'  and  which  are  in- 
dicative of  shearing  movements." 

He  mentions  the  lenses  in  the  Rome,  Watertown  and  Og- 
densburg  railway  cut  under  Lewiston  heights,  as  entirely  im- 
bedded in  the  limtestone  from  which  they  are  differentiated  by 
their  structureless  character.  He  also  notes  the  mass  seen  in 
the  New  York  Central  railway  cut  on  the  side  of  the  gorge 
near  the  third  watchman's  hut  (see  Fig.  6.)  as  lying  between 
tlie  upper  limestone  and  the  overlying  shale,  partially  im- 
bedded in  both.  He  finds  those  rnder  Lewiston  hights  rich  in 
orthoceratites  and  shields  of  trilobites ;  and  those  of  the  gorge 
yielding  chiefly  brachiopods.  From  these  lenses  he  lists 
twenty-eight  species.  Dr.  Grabau  observes  that  the  origin  of 
these  lenses  is  still  obscure. 

THEORIES  OF  ORIGIN  OF  THE  LENSES. 

By  Mechanical  Agency:  The  presence  of  currents  which 
would  enmass  such  quantities  of  organic  material  in  compar- 
atively small  spaces  should  have  left  other  conspicuous  struct- 

•Report  of  the  State  Pateontologiat  for  1899  (pub.  1900). 

fBuiletin,  N,  Y.  State  Maaeam,  No.  45,  vol.  ix,  April,  1901,  pp.  99-102. 
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ural  features,  those  observed  being  wholly  disproportionate 
to  the  magnitude  of  the  result. 

The  appearance  of  barren  shale  partings,  going  east  from 
Niagara  county,  is  evidence  that  the  limestone  making  phase^ 
dominant  during  the  formation  of  these  lenses,  was  interrupted 
by  the  incursion,  from  time  to  time,  of  itiud-bearing  currents 
from  the  shores  of  the  eastern  interior  sea  which  lay  to  the 
north  and  east.  Disarticulated  brachiopods  and  dismembered, 
partially  triturated,  crinbidal  remains,  of  which  the  including 
layers  are  composed,  and  occasional  overturned  Favosites 
found  upon  some  of  the  surrounding  liitiestone  surfaces  are 
regarded  as  other  indications  of  currents.  But  the  uniform 
thickness  throughout  different  parts  of  the  layers  and  their  per- 
sistency, indicate  that  these  currents  were  weak.  Further,  the 
remains  of  Bryozoa  and  other  organic  matter  comprising  these 
masses,  often  bulky  of  form,  if  enmassed  by  the  impelling  force 
of  moving  water  would  require  strong  currents  or  even  wave 
action.  But  the  absence  of  water-worn  and  l>rc4cen  shells  with- 
in these  masses,  and  of  cross  bedding  and  current  channelings 
in  the  surrounding  limestone  is  significant.  This  is  strikingly 
illustrated  by  the  beehive-shaped  mass  at  Niagara  gorge  above 
the  whirlpool.  [PI.  xxvii.  Figs.  5  and  6.]  This  heap  of 
organic  remains  rises  steep-sided  eight  or  nine  feet  above  the 
surrounding  limestone  surface,  and  nowhere  either  in  or  about 
the  mass  are  the  above  conditions  indicated.  ... 

The  fine  preservation  of  much  of  the  organic  material 
seems  to  point  to  its  comparatively  undisturbed  condition 
after  death ;  and  the  great  number  of '  rare  forms,  some 
not  found  outside  of  these  masses,  can  hardly  be  credited 
10  the  sorting  or  selective  power  of  currents  or  eddies.  • 

There  appears  no  reason  to  doubt  that  these  masses  were  to 
some  extent  influenced  by  currents,  but  that  any  of  them  owe 
their  otigin  wholly  to  this  agent  is  improbable.  The  gentle 
movements  of  the  water  are  regarded  as  only  a  modifying  in- 
fluence to  some  more  important  agent. 

By  Organic  Growth  :  The  explanation  of  origin  is  found  in 
the  bryozoan  matter.  The  axes  in  all  cases  are  large  masses  of 
fistuliporids.  These  organisms  are  alwajys  in  position  of 
growth,  and  practically  do  not  occur  outside  of  the  lenses.* 
That  their  position  is  normal  is  determined  by  examining  their 
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surfaces,  and  it  is  further  pjroved  by  the  great  size  of  the  con- 
centric mSasses  found  in.  these  lenses.  This  life  once  estab- 
lished, the  growth  keeping  pace  with  or  in  advance  of  the 
slowly  acciunulating.marl  sediment,  would  through  a  long  per- 
iod of  time  produce  essentially  this  phenomenon.  That  no 
other  element  is  necessary  i§  proved  by  masses  bearing  scarcely 
a  trace  of  .any  other  organism. 

Great  detached  cores. of  this  .material  often  suggest,  from 
their  formal  resemblance^  great  heaps  of  poorly  mixed  dough, 
^ome  growths  with  a  fine  sedimentary  coating  filling  the  pores, 
liave  the  appearance  of  concre'tions,  an  impression  which  is 
hightened  by  the  structureless  character,  usually  revealed  up- 
on fracture.  Concretions  appear,  however,  to  be  entirely  lack- 
ing in  these  lenses. 

The  indications  are  that  these  masses  were  not  formed  by 
the  growth  of  any  one  colony  but  that  the  surfaces  were  con- 
stantly receiving  accessions  of  new  colonies  springing  up  and 
spreading  over  the  old  detritus-laden  surfaces,  some  of  these 
frequently  attaining  considera.ble  size.  It  appears  from  macro- 
scopic examination  of  these  surfaces,  that  two  or  three  species 
of  Fistulipora  are  represented,  though  but  one  is  important  as 
builder  of  these  masses.    The  framework  and  bulk  of  all  these 

■ 

lenses  is  seen  to  be  brvozoan. 

The  irregularities  of  structure  and  outline  observable  in 
those  masses  is  mainlv  the  result  of  the  influence  of  mechanical 
forces  upon  the  brvozoan  growth.  Most  important  of  these 
influences  was  the  silt  deposited  during  the  muddy-water 
phases,  indicated  by  the  shale  partings  in  the  eastern  portion 
of  this  area.  The  prominence  of  some  of  these  masses  un- 
doubtedly  enabled  the  currents  to  keep  them  partially  free  from 
silt,  probably  facilitated  in  no  small  degree  by  the  life  functions 
and  activities  of  these  living  surfaces.  Thus  where  the  life 
was  vigorous  and  considerably  in  advance  of  the  floor  deposit 
the  sedimentation  is  seen  to  have  had  little  effect.  This  is 
shown  where  shale  layers  perhaps  three  or  four  inches  in  thick- 
ness encroach  but  a  little  way  or  end  abruptly  at  the  side  of  a 
fistuliporid  growth.  [See  left  side  of  Fig..i,  PI.  xxvii.]  Any 
loss  of  territory  in  this  case  appears  usually  to  liave  been 
quickly  made  good  by  the  more  vigorous  growth  set  up  with 
the  returning  clear  water  conditions.    Where  the  growth  was 
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weak  and  but  little  above  the  level  of  sedimentation,  the  silts 
are  seen  to  have  encroached  from  all  sides  and  to  have  filled 
the  depressions  in  the  irregular  surface  [PI.  xxvii.  Fig.  2], 
some  times  nearly  or  quite  covering  the  mass.  Usually  these 
encroachments  are  one-sided,  depending  upon  the  configuration 
of  the  mass  and  possibly  upon  the  direction  from  which  the 
currents  came.  In  such  cases  the  surviving  life,  starting  up 
afresh,  is  seen  to  have  formed  a  new  growth  often  quite  dis- 
tinctly defined  and  resting  well  over  upon  one  flank  of  the 
parent  mass.  In  many  cases  this  was  repeated  several  times, 
though  not  always  so  conspicuosly,  the  surviving  life  each  time 
lying  in  a  little  different  quarter.  The  limestone  layers  extend- 
ing in  upon  these  thin  shale  partings  to  the  new  life  centers, 
are  often  flexed  and  thinned  before  being  augmented  by  the 
local  growth.  [PI.  xxvii.  Fig.  2.]  Silt  jMitches  usually  pro- 
duce an  imperfect  layering  within  the  lenses  and  sometimes 
recurring  several  times  in  the  same  vertical  line,  produce  a 
bedding  corresponding  roughly  with  the  planes  of  sedimenta- 
tion without.  Figure  i,  plate  xxvii,  is  of  a  mass  which  ap- 
pears to  be  made  up  of  two  nearly  independent  growths  of 
fistuliporids,  with  slightly  diverging  axes.  The  imperfect  lay- 
ering in  the  space  between  the  two  halves,  was  maintained  by 
silt  pocketing. 

In  some  instances  life  may  have  been  completely  smothered 
out  and  the  elevation  remaining  became  later  the  site  for  new 
fistuliporid  colonies.  This  is  difficult  to  determine,  owing  to 
some  part  of  the  mass  always  being  broken  away  or  remsuning 
imbedded.  Of  two  neighborintj  masses,  on  the  Genesee,  the 
growth  of  one  is  seen  to  have  stopped  at  a  certain  silt  plane, 
while  the  other  is  divided  by  it  into  distinct  upper  and  lower 
portions.  It  is  the  impression  however  that  there  must  have 
been  some  life  connection  between  the  two  growths. 

Another  mass  at  the  same  locality  had  somewhat  the  shape 
of  an  hour-glass.  The  narrow  neck  of  lens  rock  which  connect- 
ed these  two  parts  or  lenses,  probably  represented  the  thread  of 
life  sunnving  the  silt  girdling.  This  life  at  last  regaining  vigor 
and  extent  was  finally  smothered  out  by  another  and  heavier 
blanket  of  fine  mud,  indicated  by  the  shale  which  covers  its 
summit. 
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The  presence  of  silt,  where  not  sufficient  to  smother  the 
growing  surface,  seems  in  some  cases  to  have  caused  the  bry- 
ozoan  growth  to  enroll  and  knot  in  an  unusual  degree. 

The  g^wth  of  new  colonies  upon  these  surfaces,  the  silt 
encroachments  and  consequent  shiftings  of  growth  and  concur- 
rent irregular  bedding,  all  combined  to  produce  some  very 
complex  structures.  But  the  life  of  these  masses  passing 
roughly  through  a  maximum  to  a  decline,  the  resulting  form 
is  nevertheless  always  sub-lenticular. 

■  Currents  evidently  played  an  important  part  in  the  disposal 
of  the  lighter  material  growing  upon  and  about  these  sites. 
This  is  proved  by  the  cwitents  of  the  rim-like  thickenings 
sometimes  observed,  where  a  limestone  tier  abuts  a  Astuliporid 
growth,  which  was  in  advance  of  the  plane  of  sedimentation. 
The  thickening  (A)  on  the  lefc  side  of  the  well-defined  fistu- 
liporid  head  [PI.  xxvii,  Fig.  2.]  is  made  up  of  fragments 
of  delicate  funnel-form  and  dendritic  bryozoans,  disarticulated 
brachiopods  and  crinoidal  fragments.  The  bryozoan  material 
growing  less  and  finer  a  few  feet  out  from  the  mass,  and  its 
abundance  upon  these  sites,  indicate  its  source.  The  crinoidal 
rubble  being  more  abundant  farther  out  upon  the  slope,  sug- 
gests that  this  material  was  drifted  from  outside.  Crinoids 
evidently  grew  ver>'  abundantly  over  the  level  floor,  their  re- 
mains contributing  more  than  anything  else  to  the  formation 
of  the  including  strata.  A  remarkable  thickening,  made  up 
mainly  of  crinoidal  fragments,  is  seen  on  the  eastern  side  of  a 
mass  east  of  the  station  at  Lewistcm  hights.  Currents  ap- 
proaching or  leaving  these  masses  appear  in  either  case  to  have 
added  to  these  marginal  deposits.  Some  of  the  rock  formed 
from  the  light,  portable  material  collected  in  this  way  suggests 
Coquina  limestone  after  the  fine  filling  is  weathered  out. 

An  interesting  problem  is  presented  by  two  masses  on  the 
Genesee  which  stand  so  near  together  that  their  inner  margins 
are  scarcely  five  feet  apart.  One,  six  feet  in  diameter,  is  com- 
posed almost  wholly  of  fistuliporid  material  with  scarcely  a 
trace  of  crinoids ;  the  other,  twenty-five  feet  in  diameter,  and 
starting  at  the  same  level,  is  made  up  in  the  peripheral  portion 
almost  exclusively  of  crinoidal  debris.  This  suggests  that  the 
latter  had  a  fringing  colony  of  crinoids. 
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Where  sedimentation  was  nearly  apace  with  the  tnyozoan 
growth,  the  fistulipora,  by  repeated  extensions  over  the  f rag- 
mental  matter  collecting  upon  its  marg;ins,  often  formed  an  in- 
terweaving so  complete  that  the  passage  from  the  mechanical 
deposits  to  those  of  life-growth  is  difficult  to  determine. 

In  the  masses  where  the  lighter  material  was  particularly 
abundant,  a  slight  shifting  has  resulted  in  an  imperfect  layer- 
ing, and  sometimes  enctmibering  the  surface  which  must  have 
interfered  nearly  as  seriously  with  the  fistuliporid  growth  as 
did  the  silt. 

From  the  small  size  of  these  masses  and  the  manner  in 
which  the  lighter  material  is  disposed  about  them  it  is  seen 
that  they  could  not  have  been  an  important  source  for  the  sup- 
plies of  organic  matter  which  compose  the  including  limestone 
strata. 

Though  many  forms  of  life  appear  to  be  especially  associ- 
ated with  the  peculiar  conditions  found  upon  these  sites,  yet 
many  others  found  here  are  cosmopolitans.  The  level  floors 
were  evidently  richly  covered  with  life,  though  not  comparing 
with  the  luxuriance  of  these  tumuli  and  their  immediate  neigh- 
borhood. Some  foniis  seem  to  have  preferred  the  level 
stretches  just  as  others  preferred  the  fistuliporid  sites.  It  is 
probable  however  that  with  favorable  conditions  for  preserva- 
tion the  level  floor  would  be  found  to  include  them  all ;  as  pri- 
marily it  must  have  been  the  source.  More  extensive  collec- 
tions will  do  much  to  clear  this  point.  When  we  compare  the 
contents  of  diflPerent  layers  of  a  stratum  which  vary  consid- 
erably among  themselves  in  their  assemblage  of  forms  with  the 
contents  of  the  lens-rock  proper  we  find  that  the  principal  form 
or  forms  of  a  given  layer  are  oftentimes  not  shared  by  the 
lenses  at  or  above  that  particular  level.  For  example  in  Roch- 
ester a  ten -inch  layer,  the  thickest  in  the  upper  six  feet  of  this 
lin^stone,  abounds  in  IVhitfividclla  naviformis.  This  layer 
abuts,  and  in  many  cases  fuses  with,  lenses,  yet  rarely  is  this 
brachiopod  found  in  them. 

Weathering  brings  out  the  organic  features  though  slowly 
and  superficially.  A  lens  partially  blasted  away  in  1885,  in  the 
extension  of  a  sewer  down  to  the  water  level  of  the  Genesee, 
has  weathered  so  far  as  to  show  how  completely  the  mass  is 
made  up  of  Fistulipora,  but  under  a  blow  of  the  hammer,  the 
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rock  splinters  reveal  a  structureless  bluish  g^y  surface,  with 
no  trace  of  organic  contents. 

The  lenses  at  Niagara  and  vicinity  generally  exhibit  a  more 
uniform  aspect  than  those  in  the  eastern  portion  of  the  area, 
due  to  the  smaller  percentages  of  silts,  the  upper  ten  feet  at  that 
locality  forming  a  solid  bench.    [PI.  xxviii.  Fig.  4.] 

Owing  to  the  well  defined  bedding  planes  in  the  limestone 
at  Rochester,  [PI.  xxvii.  Figs,  i  and  2.]  these  features  may 
all  be  studied  there  to  particular  advantage,  affording  an  un- 
equaled  opportunity  for  comparisons.  It  is  possible  to  trace 
any  of  the  shale  partings  from  one  neighboring  mass  to  an- 
other, thus  enabling  one  to  see  its  relation  to  several  of  these 
growths,  or  to  examine  several  limestone  floors  in  their  vicinity 
in  the  same  way. 

While  these  masses  were  similarly  affected  by  general  con- 
ditions yet  in  each  we  find  many  features  that  are  specific; 
showing  that  each  lens  had  a  history  differing  from  that  of 
every  other. 

ASSOCIATED  LIFE. 

• 

Attached  Forms: — The  associated  life  usually  found  upon 
these  fistuliporid  masses  shows  them  to  have  been  mainly  cen- 
ters for  other  attached  forms.  This  is  probably  due  to  the  fact 
that  the  free  larva  of  the  smaller  and  more  delicate  bryozoans, 
and  of  brachiopods  in  particular,  required  some  firm  base  for 
attachment.  Freely  distributed  in  the  sea,  they  settled  every- 
where, but  lived  in  greater  numbers  upon  these  hard  surfaces, 
there  finding  this  prime  essential  to  their  existence.  One  of 
the  best  examples  of  this  is  found  in  Niagara  gorge  on  the 

New  York  Central  and  Lewiston  railroad,  at  the  third  watch- 
man's hut.      [PI.  xxix,   Fig.  6.].     This  mass  is   thirty   feet 

long    and    ten    feet    high.    Brachiopods    probably    make  as 

liigh     as     thirty     per     cent,     of     the     contents.     In     some 

narts     their     shells     are     so     abundant     as     apparently     to 

have     nearly     smothered     out     the     br>'Ozoan     nucleus.     In 

the  mass  proper  the  brachiopods  are  entire  and  appear  to  have 

"been  largely  covered  by  the  bryozoan  growth,  thus  preserving. 

the  valves  intact.     Some  of  these  are  evidently  in  position  of 

^^wth. 

Other  Forms: — Thus  inhabited  these  sites  attracted  other 

forms  which  in  turn  drew  others,  until  they  became  rich  feed- 


294  The  American  Geologist.  xoyember.  looi. 

tinned  for  some  time  to  be  the  center  for  attached  forms. 
Brachiopods  are  remarkably  abundant  in  the  basal  portion  and 
comparatively  rare  in  the  upper.  This  mass  also  contains  sev- 
eral trilobite  pockets.  The  accompanying  sketch  shows  rough- 
ly the  arrangement  of  the  various  elements  as  displayed  in  the 
present  section  of  the  mass.  From  the  configuration  of  the 
beds  beneath  on  the  right  side  and  their  slope,  it  is  evident  that 
the  portion  of  the  mass  broken  away  extended  consideraUy 
lower  on  that  side.  The  extinction  of  the  life  of  the  mass  prob- 
ably occurred  about  the  time  the  silts  reached  the  level  on  its 
sides,  indicated  by  their  extension  over  its  top. 

The  other  cases  of  growth  upward  into  the  shale  are  along 
Genesee.  The  upper  two  or  three  feet  of  these  masses 
are  made  up  mainly  of  an  irregular,  dome-like,  fistulio- 
porid  growth,  discolored  with  sedimentary  matter,  of 
the  same  appearance  as  that  of  the  enclosing  base  of 
the  Rochester  shale.  Their  life,  was  short  after  the  introduction 
of  the  shale  sediments. 

llie  conditions  for  the  continued  growth  of  these  masses  in 
the  shallowing  turbid  waters  pi  the  sea  at  the  opening  of  ...the 
Niagara  epoch  seem  to  have  been  ad\'erse,  though  more  f*- 
vorable  in  the  western  portion  of  the  area.  The  mdst  injur- 
ious was  the  rapid  accumulation  df  calcareous  mud  which  un- 
doubtedly interfered  seriously  with  the  continued  Ideal  growth 
of  the  brvozoan  life.  This  effect  is  shown  in  the  study  of 
these  masses  in  the  limestone  where  the  incursions  of  mud- 
?)earing  currents  reduced  the  growing  surfaces  which  again  ex- 
tended on  the  return  of  clear  water  conditions.  The  same 
fistuliporas  in  the  shale  never  attained  a  growth  exceeding  a 
few  inches  radius. 

COMrARISOX  .WITH    EXISTING   PHENOMENA. 

The  fragmcntal  character  of  the  material  forming  the  Clin- 
ton upper  limestone  at  the  level  of  these  masses,  makes  it  prob- 
able that  these  layers  were  deposited  at  a  depth  slightly  within 
wave-base.  The  depth  can  hardly  be  estimated  from  assuming 
a  similarity  of  conditions  in  any  existing  sea  or  bay,  for  the 
data  available  on  this  suhjcn^t  are  foimd  to  be  discordant. 
It  was  probably  considerably  within  the  one  hundred  foot  line, 
a  depth  consonant  with  the  more  vigorous  marine  growths  of 
to-dav. 
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Thus  these  colonies  of  Fistiilipora  with  the  associated  life 
drawn  about  them  by  the  very  favorable  conditions  affording^ 
attachment,  food  and  shelter,  are  seen  to  have  formed  low,  ir- 
regular, dome-shaped  prominences,  upon  the  broad,  level, 
floor  of  a  shallow  sea.  They  are  not  known  to  have  ever 
reached  an  elevation  exceeding  ten  feet,  the  approximate  hight 
of  the  largest  yet  known.  A  mass  about  one-fourth  of  a  mile 
above  that  at  the  third  watchman's  hut,  was  estimated  to  be 
fifteen  by  fifty  feet. 

Their  distribution  we  have  seen  was  irregular,  sometimes^  ' 
isolated,  oftener  in  groups  covering  considerable  areas.  Or,  as  in 
one  known  instiance,  coalescing  to  form  an  extended  layer. 

In  this  ancient  coral-maker*  (for  professor  Agassiz  consid- 
ers the  bryozoan  animal  such)  and  the  rich  concourse  of  asso- 
ciates indicated,  we  find  life  conditions  according  so  well  with 
those  observable  in  the  modem  reef  or  coral-field,  as  described 
by  Darwin,  Dana,  AgiEissiz  and  Kent,  that  no  hesitation  is  felt 
in  pronouncing  these  to  be  ancient  coral  reefs.  While  havings 
many  of  the  features  common  to  such  structures  in  general, 
these  little  reefs  present  a  mof e  striking  analogy  to  a  peculiar 
kind  described  as  follows  by  professor  Charles  F.  Hartt  :t  "So- 
far  I  have  only  spoken  of  fringing  reefs,  but  there  are  other 
coral  structure  of  g^eatel-  interest  in  these  waters.  Corals  grow 
over  the  bottOrrf  in  small  patches  in  the  open  sea,  and,  without 
spreading  much,  often  rise  to  the  hight  of  forty  to  fifty  feet  or 
more,  like  towers,  and  Sometimes  attain  the  level  of  low  water^ 
forming  what  are  called  on  the  Brazilian  coast  'chapeiroes', 
(signifying,  big  hats).  At  the  top  these  are  usually  very  ir- 
regular, and  sometimes  spread  like  mushrooms,  or,  as  the  fish- 
ermen say,  like  urfibrellas.  Some  of  these  chapeiroes  are  only 
a  few  feet  in  diameter.  A  few  miles  to  the  eastward  of  the 
Abrolhos  is  an  area,  with  a  length  of  nine  to  ten  and  in  some 
places  a  brefadth  of  four  miles,  over  which  these  structures  grow 
xtry  abundantly,  forming  the  well-known  Parcel  dos  Abrolhos, 
on  which  so  many  vessels  have  been  wrecked."  Professor  Hartf 
in  describing  a  visit  to  the  northwestern  part  of  this  reef,  men- 
tions, among  other  facts :  "The  chapeiroes,  is  a  general  thing, 
are  rarely  ever  laid  bare  by  the  tide."    "They  are  here,  as  else- 

•Thcre  in  roach  difference  of  opinion  regarding  the  position  of  these  fisttilip. 

+r*owt*r''i°''"",*'^  ^'^  consider  them  corals. 

f  Geology  of  Braztl.  1870.  pp.  199-200;  also  p.  191. 
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:i.>r   ■  ;ili-:i*i^  :-ir-rf'-  is  -isr'.vhert^.  ti  form  -ar^  neets  as  tfiev  in  ' 
.*-..r<-i<i.r  'ainrs  [j.  fjana  -.v.-    if  :faeir 


v-'ic  if  I'.i^-r  uhmi^rcr^Ti  virai-fieaiis  :s  but  a  loose  aggregancf: 
►r  -..rTii  n  lit-  -ir.-sitinn  jf  .^»\vrli.  -xctrpt  possifahr.  in  diexr  Icw- 
•r  ;jr,nnin.    vherr  Mie-   ipen  ^paL\-s  mar  he  tilled,  witfa.  sand  mi: 

:"rri£rrt:t*nt:,  ■\-^menion  toj^erher." 

L.,)r}^f*nr*     \''i-^ira'  LiiucsUme: — Ac  Niagara.  ^Brge.  ab<:'u: 

me  riAlf  :iiii(-  ihovc    <4r>utli   )f '  rhe  suspension  bridge  and  :c< 

!iiin«irrft     apis  nnrli   it   .vhere  '-he  Gt>n5e  railway  reaches  'Jzt 

.f>pn  rric;-  if  ^e  Irclqi?  beside  Mie  rrack,  and  ac  a  level  twent>-  rT 

'■.v«^tv-nv.^  r't-r^  iliove  the  Ijast^  of  the  Lockport  lixnestone.  :i  \ 

r*'!*:     i'^!.  -crc::,  ?*'!!»•.  .^i  one  hundred  ren  feet  in  length  and  ex- 

pose-fl  -u  'lie  hii^t  of  twelve  feet.    It  lies  in  a  thin-Layered  smt- 

im   if  !imt*sronf  -separating"  two  massive  benches.     The  irregn- 

'/A,r  -ifrirtup-^  -of  rlie  n^^i  i.s  in  (tontrasc  to  the  chin-Iavered  lime- 

^roniv   .vhilr  Mn*^  :tpper  ma.ssive  bench  is  arched  over  it.     Tne 

r'-ei  r',<'k  -s  ;i  -ompart  bluish  do!r.mite.  weathering' to  a  yelk'i*- 

:sii  !itir.     :irv.,zoans  an*  abundant,  often  in  masses  of  cofi>iikr- 

;tijlf  ^izr      Mir    iWintf  *i/  ^he  i-omparativeiy  recent  date  of  the 

f-aj!  \M  •   'Tittini^  "vrarherinqc  has  di>ne  little  to  bring  oat  ixher 

'.r'^Tinir.   v.nn'nrs.     Ir  :s  probable  that  this  mass  originated  in 

•'m^    -ant*   :iiafin«*r  as   rjios*^  of  the  Clinton   upper   limestone. 

=  }^\\rr     rrrrf    masses  ar'».  «:<  nspicuous  at  this  level  al«:]fig  the 

s:>^'S"     '  jx\i'  ^»:f*n  :'.i>t  n<jrth  ni  rhe  eastern  end  of  the  cantilever 

.r-r/s-'.  \~  *A-\/  x  *hree  hundred  feet  lonj**. 

-♦r'  ■•:-.!  i:!-r.   "r.v.i-^.   '-asrward  along*  the  Niagara  escarpment 

ir.-i  \:'-'*'  r::'.f^  '\'''<r    f  Li.'<-kp«^rt,  in  a  road-cutting,  three  well 

i-.r;*— ••:  :7-:a--t:s  ap:  .fxp*"i<?d  at  the  same  level-     [PI.  xx.xi. 

TV.",  nr-r  '!.:-::-  *::a:  arrests  the  eye  is  the  loose  struc- 

■  :-  .■.■;t--«'     -V  r--:-.  .ViHtrasteil  with  the  firm  beds  of 

.,.*-.      T"    ■     "       ■'.  :    A'>I-.  rhe  remarkable  assemblage  of 

:.  :-L  :'.-:::■     :  '  -     z  an-.  •'  »ral.s.  crinoids.  brachiopods  and 

"'..'"  "  ' '■  ■    .".    J  *  rr-  r  -Mrr?  "f  preservation  than  the  organic 

.  -,l'    •.  :         •   '.ri-:-.  ^-  -\     ■.■•.-.■•:'. no  «/f  encl«»ure.  favors  thecon- 

\.  -'.  .r  '..' .        \\:\\'  an-  tlier  example  of  reefs. 


:ll.    Ettf  appeuring  ia  qnarrj,  north  «\fle  of  H.^^.  C,«..^  ."Mo 

<ac  aod  onc-baflr  inll«i  west  of  Lockpott  itatloa.    'D\aincUT  1\  fco 

KBBP  STBDCTURBS  IN  LOCKPORT  liWBaTOTA^ 
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where,  of  all  hights  and  dimensions."  ♦  *  *  "They  do 
not  coalesce  here  as  elsewhere,  to  form  large  reefs  as  they  do  to 
the  west  of  the  islands." 

Professor  James  D.  Dana  says  of  their  structure:  "The 
rock  of  these  submerged  coral-heads  is  but  a  loose  aggr^;ation 
of  coral  in  the  position  of  growth,  except  possibly,  in  their  low- 
er portion,  where  the  open  spaces  may  be  filled  with  sand  and 
fragments  cemented  together." 

SIMILAR  OCCURRENCES  IN  OTHER  GEOLOGIC  HORIZONS. 

Lockport  {Niagara)  Limestone: — ^At  Niagara  jpdrge,  about 
one-half  mile  above  (south  of)  the  suspension  bridge  and  one 
hundred  yards  north  of  whiere  the  Gorge  railway  reaches  the 
open  face  of  the  ledge  beside  the  track,  and  at  a  level  twenty  or 
twenty-five  feet  above  the  base  of  the  Lockport  limestone,  is  a 
reef  [PI.  xxx.  Fig.  8]  one  hundred  ten  feet  in  length  and  ex- 
posed to  the  hight  of  twelve  feet.  It  lies  in  a  thin-layered  strat- 
um of  limestone  separating  two  massive  benches.  The  irregu- 
lar structure  of  the  reef  is  in  contrast  to  the  thin-layered  lime- 
stone, while  the  upper  massive  bench  is  arched  over  it.  The 
reef  rock  is  a  compadt  bluish  dolomite,  weathering  to  a  yello^-- 
ish  hue.  Bryozoans  are  abundant,  often  in  masses  of  consider- 
able size ;  but  owing  to  the  comparatively  recent  date  of  the 
railway  cutting  weathering  has  done  little  to  bring  out  other 
organic  contents.  It  is  probable  that  this  mass  originated  in 
the  same  manner  as  those  of  the  Clinton  upper  limestone. 
Other  reef  masses  are  conspicuous  at  this  level  along  the 
gorge.  One  seen  just  north  of  the  eastern  end  of  the  cantilever 
bridge  is  two  or  three  hundred  feet  long. 

Seventeen  miles  eastward  along  the  Niagara  escarpment 
and  three  miles  west  of  Lockport,  in  a  road-cutting,  three  well 
weathered  masses  are  exposed  at  the  same  level.  [PI.  xxxi, 
Fig.  9].  The  first  thing  that  arrests  the  eye  is  the  loose  struc- 
ture of  these  masses,  strongly  contrasted  with  the  firm  beds  of 
inclusion.  This,  coupled  with  the  remarkable  assemblage  of 
Niagara  forms  of  bryozoans,  corals,  crinoids,  brachiopods  and 
other  types,  in  a  better  state  of  preservation  than  the  organic 
materials  comprising  the  limestone  of  enclosure,  favors  the  con- 
clusion stated,  that  here  we  have  another  example  of  reefs. 

*Coral  and  Coral  islands,  1872,  p.  14-2. 
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Dr.  Ringueberg  recently  directed  the  writer's  attention  to  a 
field  in  the  western  outskirts  of  Lockport  in  which  a  dozen  or 
more  small  patches  of  rock  project  through  the  soil,  in  low, 
dome-like  prominences  [PI.  xxxi,  Fig.  10] ;  and  expressed  the 
opinion  that  they  are  of  the  same  nature  as  the  masses  of  the 
Clinton.  A  visit  to  the  locality  corroborated  this  opinion.  At 
one  side  of  a  quarry  in  this  lot,  the  uneven  character  and  the 
thickening  of  the  beds  abutting  a  mass,  may  be  seen.  The  crest 
of  the  reef  itself  appears  a  little  farther  back.  Its  form  evident- 
ly is  ridge-like.  Its  position  may  be  traced  for  eighty-eight 
paces  by  an  overlying  crest  of  upturned  rock  edges  passing 
into  a  ridge  of  soil,  fading  out  with  the  increasing  depth  of  the 
drift.  Another  reef  has  been  blasted  through  in  forming  a 
roadway  from  this  quarry. 

Five  other  examples,  left  completely  isolated  by  the  removal 
of  rock,  were  found  in  a  neighboring  quarry.  One  of  these  has 
been  partially  destroyed,  leaving  only  the  basal  portion;  two 
stand  in  relief  upon  basin-shaped  pedestals  of  limestone 
[PI.  xxxi.  Fig.  11]  :  one,  ridge-like  and  extending  in  the  same 
direction  as  the  mass  of  similar  shape  described  above,  has 
been  traced  thirty-one  paces  to  its  disappearance  under  the  em- 
bankment of  the  Falls  Branch  of  the  New  York  Central  rail- 
road ;  one  fuses  into  the  quarry  floor,  which  slopes  gently  from 
it,  a  ridge-like  rounding  of  this  limestone  surface  on  one 
side,  forming  a  continuation  of  the  long  axis  of  the  reef. 
This  surface  shows  the  configuration  of  the  old  sea  floor  in  the 
vicinity  of  the  reef.  The  hard,  compact  structure  of  this 
floor  is  in  marked  contrast  to  the  loose  shaly  nature  of  the 
weathered  reef  rock.  Another  quarry  in  the  vicinity  has  afford- 
ed five  more.  The  electric  road  from  Tonawanda  to  Lockport 
cuts  through  this  level,  exposing  two  reefs. 

Some  of  the  reefs  observed  must  start  almost  upon  the  im- 
pure concretionary  base  of  the  Lockport  limestone,  others  fif- 
teen to  twenty  feet  higher.  The  largest  is  that  at  Niagara 
gorge,  at  the  cantilever  bridge. 

This  horizon  includes  the  encrinal  band  and  perhaps  the 
lower  portion  of  the  Coralline  limestone  described  by  Hall. 
They  may  extend  still  higher,  for  professor  Hall*  describes  a 
mass  and  accompanying  arching  of  the  strata,  as  occurring 

•G^ai.  4th  DiBtricU  N,  F.,  p.  92. 
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•wo  rniies  -injth  «•!  Lijckport  »n  rhe  Zne  t::anai.  liis  araisnsr 
irm  was  that  rhe  rnass  was  :he  result  >i  minenuizaiioiL  T!ifi 
■nrnnai  oand  :nav  i)e  'raced  into  \v«stem  Monme  iDnnrr 
Vtorp  rs  .'haracteristics  r  entirely  facie.  Xo  -^^arch  for  -psa 
las  been  marie  :n  ihia  -luarter  js  yet.  and  the  'iirson-  -.^xuiiuia- 
ion  iTivon  -he  utcrops  :)erween  iiere  and  Xlaqani  •»on»?  hss 
raiieti  lo  reveal  -tthers. 

!'«.vo  '.f  :he  masses    vest  >f  E-uckporr  Iiave  Tcen  '<nown  tj 
lie    vnter  >.everal  years,  'iut  their  nature  was  not  near  'lari 
•hey  \vere  'Observed  at  N'iaia^ara  ^onje  in    'cmnection  -vrtfa  me 
-eet  .-tructures  or  rhe  «'linton. 

.;n-ozoans  form  the  main  constmctionai  .iienienr  of  ±»ac 
id  reefs.  •  .>ne  «->t  rhem  -ixposed  in  rhe  quarr'.'  on  rhe  iossn 
■jank  . -r  -he  Xiaecara.  a.  Axon  iistance  south  or  the  :hiri  vaici- 
nan  -  lut,  :s  :orn--livc  reet  iong-  and  nearly  i.  -ioiifi  mas?  >f 
ristuiiponris.  ^  'nnoids  are  neariv  or  .niite  as  :nnx}rtanr  n  acrac 
ases  .IS  ;he  !jn-ozoa.  The  ^avositc  and  hciioiitc  ^rrvral*  irc 
-omenmes  important  builders. 

!'Iic  *~;eciiiiar  :j^upinfifs  of  .special  fomis  are    as  marked  i 

:"c*attirc  iiere  ;is  in  rhe  reefs  of  rhe  illinton.     5t3nie   if  diem  irc 

-cmarkabic  for  their  ;n?nerai  assemblages,  but  :n  most  .ases  ar 

an'Jiis  'tacrf*s  in  "^hc  :.^\vth.  or  at  \'arTous  pi^ints  -.ip^^n  ±ese 

:ia.s>»-^   ind    ccasHmaily  'hmusfhcut  :heir  entire  fi.rmani:-?:.  :sr- 

ain    "nns  ^rc^dommate    >r  occur  in  rmusual  numbtar^.     S\iCLt- 

■:::it--     hty    ire    :f>niis.    ieiicate  branchinxr  bn'ozoans,  trtlc-bitis 

r    .T-iiaiDpfKis- 

t  ..'.  : ion c table  'hat  a  nimiber  of  species,  mainly  ?Tni-*nT.v 
.nJiS  in«i  rriobices,  :ommDn  in  the  Clinton  reefs»  nearly  zxx. 
,';n'irr*!i  :eet  '.owcr,  arc  found  here;. 

!';:«,*>•!  ::-.aises  :n  the  Lijckport  limestone  of   wester::  Xew 

.    -:•'  :'i!vi  'heir  :ounterpart  in  litholo^cal  character.  MS5iI  cc-c- 

.•:v.-    .ivi  orriiiur^niiic  oosition.  in  the  reefs  descnbci  or  Dr. 

.•i::-.-.-r;ir. '  :n  -::»_•    Vaukesha  and  Racine  beds  of  die  U'iscjrfi- 

..-■;.: 'i.      "':«-:*■<:  -rnictures  were  fouml  :c   :i:rm  a  *:arr.er 

t:-.!'.-    ::  !cn:^ii.     7rom  them  nvo  iiiimir'i':  species 

*.;.p".')r:r:in    aili  utcntion  to  a    feamre  winch  "v-ie  !:2vc 
.."■■i-  ■■  :\    n  •::•-■  r't*:rV  of  Xew  York.  "v'lz.  a  tendenc.  ■••:  yie 

::•  .  •  '••""■':  *'..   '■.•iic«:t  in  groups  -M  special  for^'^  ^A-hich 

'.'-..  V;,..      111.    :,    I^'T^-IUTS.  pp.   lS3-l!*<»;  axvX*^^ii..jt7Vi.rQ\.\x, 
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reaches  its  most  striking  development  among  these  reef  forms. 
This  he  speaks  of  as  "Colonial  Tendencies."  f 

Dr.  Robert  Bell  J  has  described  great  cavernous  masses  of 
limestone  occurring  in  thin  bedded,  nearly  barren  limestCMie  of 
Devonian  age,  on  the  Attawapishkat  river,  Canada.  They  are 
made  up  of  a  few  species  of  fossils  including  corals.  These 
irom  their  form  and  contents  suggest  our  reefs  of  the  Clinton 
and  Niagara. 

Dr.  G.  K.  Gilbert  and  F.  P.  Gulliver^  describe  the  cores  of 
the  Tepee  Buttes  of  Colorado,  as  hard  squamous  masses  of 
limestone  of  elongate  cylindrical  form,  resting  in  the  soft  shales 
of  the  Fort  Pierre  Cretaceous.  The  authors,  are  inclined  to  re- 
gard them  as  formed  by  colonies  of  Lucina  occidentalis-ventri- 
cosa,  of  whose  remains  they  are  mainly  composed.  From  their 
having  so  many  features  in  common  with  the  masses  described 
by  Dr.  Bell,  they  regard  their  close  relationship  unquestionable. 


HEMATIC   STANDARD   FOR  THE  AMERICAN 

CARBONIFEROUS. 

By  CHARI.B8  S.  Kbybs,  Des  Moines,  Iowa. 

In  the  attempts  to  parallel,  in  America,  the  various  sub- 
divisions of  the  Carboniferous,  there  has  always  been  more  or 
less  difficulty  in  securing  results  that  are  even  approximately 
satisfactory.  The  sections  of  the  East,  of  the  Interior,  and 
of  the  West,  appear  at  fir^t  glance  to  have  no  comparable  ele- 
ments. In  consequence,  the  eastern,  or  Pennsylvania,  suc- 
cession, having  been  the  first  to  be  carefully  studied,  has  come 
to  be  regarded  as  the  section  to  which  all  others  of  the  con- 
tinent must  be  eventually  referred.  As  for  the  rest  of  the 
continent,  little  consideration  is  given  it  so  far  as  concerns 
any  serious  effort  to  establish  general  sections  with  which  all 
others  in  each  prcnince  might  be  compared,  and  whidh  in  its 
serial  subdivisions,  at  least,  could  be  arranged  with  reference 
to  a  schematic  section. 

One  main  reason  for  this  rather  anomalous  state  of  the 
subject  is,     of  course,  the  fact  that  the  boundaries  between 

fibid,  pp.  184-196, 

XG^ol.  and  Nat.  Hist.  Surrey  of  Canada,   Ann.  Kept  ,  vol.  ii,  (ls86),  pp. 
27G.  28G. 

iBaU.  GeoK  Soc.  Am.,  vol.  vi,  pp.  333-342,  part  17. 
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the  several  provinces  of  the  Carf)onifercus  are,  as  yet,  no- 
where carefully  <Ietermineti.  Separating  the  exposed  areas 
are  hn>a<i  stretches  of  country  in  which  practically  none  of 
the  younger  Paleozoics  are  represented  in  out<^^.  Another 
consideration  is  the  fact  that  the  furmational  units  establishoi 
in  the  various  districts,  have  been  largnely  Kxal  in  nature 
and  tentative.  They  are  now  known  to  possess  widely  dif- 
ferent tajconomic  values,  hence  permitting-  only  very  vague 
stratigraphical  correlations  to  be  carried  on.  A  third  feature 
is  one  which  has  been  thought  by  many  wcrkers  to  render  all 
attempts  at  paralleling  horizons  useless,  and  is  the  diverstt>- 
of  origins  which  the  sediments  present.  The  marine  nature 
of  the  <lep<jsits  in  one  province,  as  in  the  Rocky  Moontain 
region  for  example,  and  the  general  presence  of  littoral  con- 
ditions at  the  time  the  formations  were  laid  down  in  other 
regions,  as  in  the  Appalachians,  would  seem  to  almost  pre- 
clude comparison. 

In  the   Mississippi  valley,  however,   there   are  all  of  the 
<^veral  kin<ls  of  conditions  of  sedimentation  well  represcnteA 
The  marine  deposits  alternate  with  ofF-shore  and  coastal  sed- 
iments.    Xot  onlv  do  the  different  kinds  of  formations  alter- 
nate.  but  manv  extensions  of  those  from  the  west  interlock 
with  thr/se  f n  »m  the  east.     During  several  distinct  epochs  the 
sea  encrr.>achcfl  upon  the  domains  of  the  coastal  deposits.    M 
other  times   the  ccarse   land-derived   materials    were  carried 
far  out  into  areas  where  more  open-sea  conditions  had  previ- 
•  »u>ly  prevailed.     In  the  general  vertical  section  of  the  Mis- 
«»i>sippi  valley,  or  inr.^re  spedficallv  that  of  the  Ozark  region. 
where  is  perhaps  the  l)est  representation  of  strata,  is  believed 
I J  exist  a  record  that  in  all  respects  sufficiently  approaches 
])Oth  that  Mt  the  East  and  that  of  the  West,  to  enable  it  to  be 
ir;a«le  useful  in  the  exact  ct>rrelation  of  the  serial  relations  of 
lie  Car^;<'nifenni>  *A  the  whole  countr>'.    The  relations  of  this 
.  :,'c«.'-<i' 11  .»i  f'»miati'»ns  is  such  that  from  it,  it  appears  possi- 

•  .  ■•:>trrA't  lI^.-  -cheinatic  section  of  the  Carboniferous 
:"  -   •'  ;  •  :.'::■•:■   A::-' rioan   continent. 

;  '  '  /:■':•  :  ::.'t::  •  f  :l:e  general  Ozark  section  of  the  Car- 
■  •:  :*  r  •>  ;•.-  a  -taTviard  •.•£  reference  is  its  exceotional  com- 
;.!•*■:.•—  .\  •  'tl-L-r  >ecti'.»n  of  the  Carlx>niferoiis  rocks  on  the 
Aiif::-!  ti:.        ::t:!:oir.    :'"-se>>cs    .mch   an    enormous    thickness. 
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The  series  of  the  system  appears  to  be  more  sharply  defined 
than  anywhere  else.  Few  sections  have  the  ,base  so  abruptly 
cut  oflF  from  the  Devonian  below.  At  the  top  the  Cretaceous 
strata  often  rest  upon  it  in  marked  unconformity. 

Instead  of  trying  to  make  the  Mississippi  valley  section 
fit  that  of  Pennsvlvania,  as  heretofore  has  always  been  done, 
effort  would  be  far  more  fruitful  of  satisfactory  results  by 
bringing  the  rock  succession  of  the  latter  into  accord  with  the 
former.  In  place  of  attem|pting  to  extend  the  Mississippi 
sequence  to  the  region  of  the  Rockies,  the  formations  of  the 
latter  should  be  apposed  to  those  of  the  first  mentioned.  In 
other  words,  a  direct  and  complete  reversal  of  present 
methods  of  comparative  procedure  ,  is  recommended  as  the 
first  step  in  the  solution  of  the  intrictate  problems  of  correla- 
tion presented. 

The  critical  criteria  for  bringing  the  general  sections  of  the 
various  provinces  into  harmony  with  a  general  schematic  sec- 
tion for  the  continent  must  be  very  different  from  those  which 
have  been  long  in  use.  The  fossils  have  not  only  failed  to  give 
exact  results,  but  it  is  now  known  that  in  many  cases  their 
several  elements  actually  admit  of  no  logical  camparisons. 
The  comlparisons  of  the  floras  have  been  more  satisfactory, 
so  far  as  they  have  gone,  but  they  have  been  necessarily  lim- 
ited; and  as  yet  there  have  been  no  means  of  chec?king  these 
readings. 

A  review  of  the  work  of  the  last  fifty  vears  clearly  dem- 
onstrates  that  in  correlating  strata,  the  testimony  of  the  fossils 
does  not  give  the  results  expected  of  tliem.  For  exact  cor- 
relation, we  must  turn  to  other  standards.  In  the  physical  his- 
tory of  a  region  the  most  hopeful  outlook  is  presented. 

In  comparing  faunas  which  are  marine  in  one  province  or 
region,  brackish  in  another,  littoral  elsewhere,  there  are  few 
or  no  common  factors  that  can  be  readily  utilized.  In  order 
that  the  real  significance  of  the  varying  features  may  be  un- 
derstood, the  fossils  demancf  vastly  more  study  than  can  or- 
dinarily be  given  them  in  a  short  time.  The  sought  for  infor- 
mation is  therefore  usually  obtained  from  other  sources  long 
before  the  fossils  are  able  to  yield  it  up.  The  miethods  .of 
physical  correlation  of  strata  have  now  become  so  advanced 
that  the  results  are  highly  satisfactory  and  exact  to  a  remark- 
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able  degree,  even  between  rock  successions  of  different 
provinces.  Even  the  principle  of  orotaxial  correlation*  is 
found  to  be  so  nicely  applicablef  tnat  its  wider  extension  must 
be  productive  of  results  wholly  unlocked  for. 

A  general  section  of  the  Carboniferous  of  the  Mississippi 
valley  is. as  follows: 

General  Geological  Section  of  the  Carboniferous  of  the 

Mississippi  Valley. 


SEKIES. 

TERRA  NES. 

THICKNESS  FT. 

Cimarron 

Kiger  shales 
Salt  Fork  shales 

250 
500 

Wellington  shales 

200 

Oklahoman 

Marion  limestones 
Chase  limestones 

2CO 

Neosho  shales 

150 

Cottonwood  limestone 

10 

Atchison  shales 

500 

• 

Forbes  limestones 

30 

Platte  shales 

150 

Plattsmouth  limestones 

30 

> 

Missourian 

Lawrence  shales 

300 

Si 

Stanton  limestones 
Parkvillc  shales 

35 

TOO 

lola  limestones 

50 

W 

Thayer  shales 

75 

Bethany  limestones 

TOO 

Mara  is  des  Cygnes  shales 

250 

^ 

Pes  Moines 

Henrietta  limestones 

75 

< 

Cherokee  shales 

300 

Sebastian 

1800 

Spadra 

500 

Norristown 

400 

.lrka)isaii 

Boonville 

2500 

Applet  on 

1300 

Danville 

2000 

Millstone  grit  . 

500 

Kaskaskia 

200 

Mississif'l^ian 

St.   Louis 
Augusta 

300 
250 

Chouteau 

100 

•Ambrican  Geologist,  vol.  xvii,  1896.  pp.  289-302. 
iBull.  Geol.  Soc.  America,  vol.  xii,  1901,  pp.  173-196. 
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In  the  Mississippi  valley  section,  the  dividing  lines  between 
the  several  series  are  horizons  which  are  probably  capable  of 
being  very  much  more  widely  traced  than  has  yet  been  at- 
tempted. Most  of  the  planes  separating  the  series  are  natural 
stratigraphies  horizons.  They  are  located  ajt  levels  where 
marked  changes  in  sedimentation  have  taken  place,  where  new 
phases  of  geological  history  begin,  where  lithological  differ- 
ences were  brought  into  strong  contrast.  Decided  orog^nic 
changes  of  a  rather  abrupt  nature  took  place  at  the  times  rep- 
resented by  these  boundary  lines  of  the  series. 

The  subdivisions  of  the  series  are  of  minor  importance  in 
the  present  connection.  Whatever  mieht  be  these  values  in 
the  Mississij)pi  valley  they  would  necessarily  have  few  or  no 
elements  of  exact  comparison  with  those  of  other  geological 
provinces. 

The  attempts  to  parallel  the  Mississippi  valley  section  of 
the  Carboniferous  with  that  of  Perinsvlvania  have  been  not 
only  uniformly  unsatisfactory,  but  on  the  whole  manifestly 
more  or  less  fanciful.  With  the  Mississippi  section  now  so 
well  determined,  with  its  subdivision  meaning  sc«nething  more 
than  mere  convenient  groupings  of  strata,  and  with  the  ex- 
tension of  the  scheme  westward,  the  Ohio  and  Pennsylvania 
sections  come  to  have  a  significance  that  was  wholly  impossible 
to  ascribe  to  them  before.  Of  course  with  the  present  nomen- 
clature and  present  divisional  lines  the  terranes  can  be  com- 
pared only  as  approximate  equivalents. 

Graphically  represented,  the  serial  terranes  of  the  Carbon- 
iferous systemi  have,  according  to  the  best  information  we 
have,  somiething  of  the  following  relationships  and  develop- 
ments, shown  in  the  subjoined  cut  (Fig.  i)  : 


PlO.  1.     RBLATIONSHIPS  op  THB   CARBONIPBBOUS  SBBIB8  IN  AllBBICA. 

In  the  East  and  in  the  West  the  base  of  the  Carboniferous 
system  appears  to  be  well  defined  on  account  of  the  presence  of 
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marked  unconformities.  The  depositional  equivalents  of  these 
great  erosional  breaks  in  sedimentation  have  never  been  sug- 
gested or  sought  for.  What  thev  represent  in  terranes  would 
be  of  greater  interest  to  know.  They  may  have  been  formed 
while  Ytry  considerable  deposits  were  being  laid  down  as  Car- 
boniferous formations.  The  horizon  of  unconformity  might 
then  be  separated  from  the  real  base  of  the  Carboniferous  by  a 
stratigraphical  irrterval  of  very  considerable  extent.  As  an 
analogous  illustration  of  what  vsst  possibilities  might  occur, 
even  in  the  Carboniferous  system  itself,  the  Arkansan  series  of 
the  Ozark  region  may  be  cited.* 

In  the  Mississippi  valley  there  aopear  to  be  no  indications 
of  the  existence  of  unconformable  relationships  bet\\xen  the 
beds  called  Devonian  and  those  termed  Carboniferous.  The  sue-, 
cession  so  far  as  is  now  known  is  unbroken  and  the  sediments 
are  of  marine  origin.  For  this  reason  a  Devonian  facies  of  the 
fossils  may  have  been  retained  in  this  region  long  after  the 
Carboniferous  was  fully  inaugurated  in  other  provinces. 

The  problems  which  arise  for  solution  in  this  connection 
are  many:  and  their  definite  formulation  is  of  fully  as  mudi 
importance  as  the  recognition  of  the  fact  that  they  exist. 

As  a  terrane,  or  structural  unit  the  typicul  Mississippian 
series  can  ])e  prdmbly  never  exactlv  extended  into  the  eastern 
j)rovinces  or  into  the  western  districts.  In  the  first  named  direc- 
tion terranes  of  very  different  lithological  conioosition  replace 
it.  Ill  tlie  second  direction  there  must  be  for  a  long  time  vet 
difficulty  in  separating  it  from  lithologically  similar  forma- 
tions al)()ve.  through  the  whole  sequence  of  which  the  succes- 
sion of  faunas  is  unbroken  and  must  diange  verA-  graduallv. 
Just  how  much  of  the  Pocono  and  Maunch  Chunk  fonna- 
ticns  of  the  Pennsylvania  section  which  are  commonlv  re- 
garded as  forming  the  Lower  Carlx)niferous,  is  the  strati- 
graphic  e(|uivalent  of  the  Mississippian  must  depend  upon 
some  further  exact  work  of  correlation  in  the  region  occupied 
l)y  Kentucky  and  Indiana.     The  sajnte  is  true,  to  a  less  de- 

■ 

grce,  of  the  ( )hio  section.  At  present,  it  seems  probable  that 
a  part  of  the  W'averly  will  be  found  to  belong  more  properly 
to  the  Devonian. 

In  the  east,  the  Mississippian  appears  to  be  replaced  by  at 
least  two   terranes  ■  of   as   yet   indeterminable  vertical   extent 

'Bull.  Geol.  Soc.  America,  vol.  xii,  1901,  p.  179. 
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and  wholly  different  in  origin  from  it.  On  the  other  hand, 
in  the  west  the  marine  deposits,  which  must  be  its  equivalent, 
merge  above  with  the  later  Carboniferous  formations  of  like 
origin  and  lithological  character.  With  no  shore  representa- 
tives in  the  west  between  the  marine  Mississippian  and  the 
marine  Missourian  formations,  and  the  rock  sequence  being 
unbroken,  the  marine  facies  of  the  Arkansan  and  Des  Moines 
are  important  features  for  determination. 

While  westward  the  littoral  formations  known  in  the  Mis- 
sissippi valley  as  the  Arkansan  and  Des  Moines  series  have 
no  representatives  of  like  origin,  their  eastward  extension  iis 
not  so  difficult  to  follow.  The  Arkansan,  so  enormously  thick 
in  the  typical  locality,  thins  out  rapidly  eastward.  Although 
its  exact  equivalents  have  not  been  carefully  followed  through 
Kentucky,  Indiana  and  Ohio  to  Pennsylvania,  it  seems  that  it 
mny  be  regarded  as; .  probably  representing  ver>'  nearly  the 
interval  occupied  by  the  Pottsville  in  the  last  mentioned  state. 
This  interpretation  has  additional  weight  on  account  of  the 
fact  that  all  present  evidence  goes  to  indicate  that  the  Alle- 
ghany series  of  Pennsylvania  and  the  Des  Moines  series  of 
the  Mississippi  valley  arc  about  equivalent  stratigraphically. 

The  late  floral  determinations  of  White*  also  go  to  support 
this  statement. 

Of  the  Pennsylvania  section  the  interpretation  advanced 
would  make  the  Conemaugh  and  the  Monongahela,  and  prob- 
ably also  the  Dunkard  (so-called  Permian)  littoral  and  coast- 
al representatives  of  the  Missourian ;  for  it  is  not  now  believed 
that  any  part  of  the  so-called  Permian  in  Pennsylvania  is  so 
high  stratigraphically  as  the  bas^:  of  the  so-called  Permian  of 
Kansas. 

It  is  not  thought  that  the  Oklahoman  has  any  depos- 
itional  equivalents  in  the  cast.  I'ntil  recently  it  was  believed 
that  the  Cimarron  or  Red  ?)e(ls  of  Kansas  would  eventually 
prove  to  belong  to  the  Triassic  or  Cretaceous,  but  late  infomi- 
ation  seems  to  show  that  the  fonnation  doubtless  is  a  part  of 
the  Carboniferous. 


•17.  S.  Geol.  Sur.,  Mon.  xxxvii,  1899. 
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THE  TORONTO  AND  SCARBORO'  DRIFT  SERIES. 

By  Wakkbn  Upham ,  St.  Paul,  Minn. 

Among  all  the  North  American  localities  of  intergflacial 
deposits,  Toronto  and  Sdarboro',  situated  close  together  on 
the  northwestern  shore  of  lake  Ontario,  present  questions  of 
the  greatest  interest  and  importance  in  their  relation  to  the 
changes  of  climate  attending  the  decline  and  end  of  the  Ice 
age.  The  complex  drift  series  of  these  localities,  including 
alternate  formations  of  till  and  fossiliferous  freshwater  beds, 
has  been  described,  with  discussion  of  their  climatic  signifi- 
cance, by  Hinde,*  Coleman,t  Chamberlin,^  and  .the  present 
writer.§ 

It  will  be  needful,  therefore,  to  give  in  this  paper  only  a 
general  statement  of  the  drift  sections  and  their  remains  of 
the  Late  Glacial  fauna  and  flora.  The  chief  purpose  will  be 
to  inquire  what  these  imply  concerning  the  conditions  that 
here  i^ermitted  several  alternations  of  glacial  and  interglacial 
beds,  and  to  learn  whether  they  indicate  a  far  retreat  of  the 
border  of  the  ice-sheet,  worthy  to  be  called  a  distindt  inter- 
glacial cpocli,  or  were  records  of  moderate  oscillations  of  the 
ice  border,  being  then  referable  wholly  to  minor  stages  in  the 
closing  Chaniplain  epoch  of  our  continental  glaciation. 

According  to  the  view  presented  by  Chamberlin,  in  1894, 
the  l^oronto  interglacial  beds  are  referred  provisionally  to  a 
long  interval  between  the  lowan  and  Wisconsin  stages  or 
eixxrhs,  giving  to  them  a  large  epochal  significance.  They 
would  thus  denote  a  prolonged  time  of  greatly  diminished 
area  of  the  dontinental  ice-sheet,  or  its  ccmiplete  disappear- 
ance, succeeded  by  renewed  far  advance,  if  not  indeed  wholly 
new  accumulation,  of  the  vast  ice-fields.  Hinde,  writing 
much  earlier,  gave  a  nearly  equivalent  opinion;  and  Coleman, 

*G.  J.  HiNDB,"The  Glacial  and  Interglacial  Strata  of  Scarboro*  Height*  and 
other  localities  near  Toronto,  Ontario,"  Canadiaa  JoumaL  vol.  xv,  pp.  388- 
413,  April.  1877. 

fA.  P.  COI.BMAN.  "Interglacial  PossiU  from  the  Don  Valley,  Toronto." 
Amrrican  Grologist.  vol.  xiii,  pp.  85-95.  Feb.,  1894:  "Glacial  and  Inter- 
glacial Deposits  near  Toronto/'/ourna/  ot  Geology ^  vol.  iii,  pp. 622-645,  Sept.- 
Oct.,  1895;  "Glacial  and  Interglacial  lleds  near  Toronto/'/our.  of  Geo/.,  yol. 
ix,  pp.  285-310.  May-Jane.  1901. 

XT.  C.  CiiAiiBBRLiN,  "The  Toronto  Fossiliferous  Beds.*'  in  chapters  contri- 
buted to  Prof.  James  Geikie's  Great  Ice  A)fe.  third  edition.  1894.  pp.  765-769; 
"The  Classification  of  American  Glacial  Deposits, "/our.  of  Geo/.,  vol.  iii,  pp. 
270-277,  April-May,  189G. 

("Climatic  Conditions  shown  by  North  American  Interglacial  Deposits," 
Am.  Gbologist,  vol.  xv.  pp.  273-295,  with  map.  May,  1895. 
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in  his  subsequent  papers,  agrees  with  Chamberlin,  though 
the  observations  noted  seem  to  be  favorable  to  the  opposite 
view  which  I  suggested  partly  and  imperfectly  in  1895,  >"  ^^^^ 
paper  before  cited,  and  which,  by  the  more  ample  data  since 
published,  I  will  here  endeavor  to  support  more  fully. 

My  interpretation  of  the  history  recorded  by  this  drift 
series  in  and  near  to  Toronto  and  Scarboro*  refers  it  to  minor 
climatic  vicissitudes  during  a  late  part  of  the  Wisconsin  or 
Champlain  epooh.  Under  either  view  th^  alternating  glacial 
and  interglacial  beds  belong  to  the  last  third,  and  most  prob- 
ably even  to  the  last  tenth,  of  the  Glacial  period ;  and  my  ex- 
planation places  them  indeed  very  near  to  its  end,  in  compan- 
ionship with  the  great  glacial  lakes  Agassiz,  Warren,  Algon- 
quin, and  Iroquois.' 

Details  of  the  sections  of  this  series,  and  lists  of  the  fos- 
sils in  its  interglacial  deposits,  have  been  given  by  Hinde  in 
1877,  and  by  Coleman  in  his  several  papers  of  1894,  1895, 
and  1901.  The  last  of  these  papers  is  based  largely  on  the 
report  of  a  committee  of  the  British  Association  for  the  Ad- 
vancement of  Science,  presented  at  its  Bradford  meeting,  in 
1900,  by  Prof.  Coleman  as  secretary  of  the  committee,  with 
a  separate  report  on  the  known  Pleistocene  flora  of  Canada 
by  Prof.  D.  P.  Penhallow.  The  moUusca  were  determined 
by  Dr.  William  H.  Dall,  and  the  insects  by  Mr.  Samuel  H. 
Scudder.  The  great  numbers  of  species  reported  far  sur- 
pass any  other  locality  of  fossiliferous  interglacial  beds  in 
America. 

Coleman  writes  in  his  latest  paper  as  follows: 

WARM    a-IMATE   BEDS    OF   THE   DON    VALLEY. 

The  earliest  beds  of  the  Toronto  formation  were  deposited  on 
the  eroded  surface  of  the  lowan  till  or  on  the  shales  which  had  been 
laid  bare  beneath  it  by  river  action ;  and  they  were  formed  probably 
in  the  shallow  waters  of  a  lake,  though  some  features  suggest  the  ac- 
tion of  currents.  At  the  bend  of  the  Don,  coarse,  little  rounded 
shingle  of  the  harder  layers  of  the  underlying  Hudson  River  rocks 
makes  the  lowest  bed  visible  above  the  present  river,  and  suggests  the 
action  of  a  current  rather  than  of  v.aves.  Thick  sheets  of  vegetable 
matter,  greatly  decayed  twigs,  leaves,  reeds,  etc.,  with  trunks  and 
branches  of  trees,  are  interbedded  with  the  shingle,  however,  showing 
that  the  current  could  not  have  been  swift.  Possibly  these  beds  were 
fonned  just  at  the  mouth  of  a  small  river  like  the  present  Don,  where 
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it  entered  a  lake  standing  twenty  or  thirty  feet  higher  than  Ontario. 
If  this  is  correct,  there  had  already  been  a  damming  back  of  the  inter- 
glacial  waters  to  a  higher  level  than  has  been  reached  yet  in  Post- 
glacial times.  This  damming  could  not  have  been  by  ice.  for  the 
climate  was  at  least  as  mild  as  at  Dresent,  since  the  tree  trtinks  re- 
ferred to  include  wood  of  the  red  cedar,  an  elm,  the  pawpaw,  and  three 
species  of  oak;  and  among  the  shellfish  there  are  two  not  reported 
from  Canadian  waters  at  the  present  day,  though  found  in  the  Missis- 
i»ippi»  Quadrula    (Unio)   pyramidata  and  Anodonta  grandis.     f    *    * 

SECTION  AT  Taylor's  brickyard. 

FBBT. 

8.    Yellow  or  brown  sand  with  some  reddish  clay  (no  fossils)       3-6oj4 
7.     Blue  peaty  clay  with  some  gray  sand  (Unios,  wood»  cari- 
bou horn) 4V2-S7/4 

6.    Yellow  to  brown  sand  with  thin  layers  of  purplish  clay 

(shells) 14-53 

5.    Fine  gray  and  yellow  sand  (Unios  and  other  shells) 3-39 

4.     Blue  stratified  clay  and  sand  (Unios.  with  other  shells,  and 
lojrs  of  wood),  above  2],^  feet  of  boulder  clay  resting  on 
Hudson  River  shale 2-36 

SECTION   AT  BEN»>  OF  DON. 

3.     Brown  clay  with  sandy  layers  (Unios  Campeloma,  etc) . .  5-34 

2.     Blue  clay  with  sandy  layers  (Unios,  Anodons,  wood):..'..  6-29 

I.     Coarse  shingle  with  clay  and  peaty  layers  (shells  and  logs)  4-23 

River  Don  al)Ove  lake  Ontario 19-19 

From  the  coinhincd  section  given  above  it  will  be  seen  that  the 
warm  climate  beds  of  the  Don,  commencing  19  feet  above  lake  Ontario, 
have  a  total  thickness  of  41^  feet.  ♦  ♦  ♦  Jhe  lowest  point  at 
which  the  I'nia  clays  and  sands  have  been  found  is  41  feet  below  lake 
Ontario  at  the  fcK)t  of  Scarboro'  Rights,  giving  a  vertical  range  of 
more  than  100  feet  ior  the  whole  series,  of  warm  climate  beds.     ♦     *    * 

In  all  there  are  thirty-nine  undoubted  species  of  mollusks.  and 
three  more  probably,  included  in  the  fauna.  Of  these  eight  or  ten 
have  not  l)een  reported  from  lake  Ontario,  but  occur  farther  south. 
[See  Prof.  Coleman's  paper  for  lists  of  the  S|)ecies  of  the  fauna  and 
tlora.l 

Professor  Penhallow  *  *  *  states  that  "within  this  area  no  less 
than  thirty-eipht  species  [of  plants,  mostly  trees]  have  been  recovered, 
and  they  point  conclusively  to  the  existence  of  climatic  conditions  dif- 
fering materially  from  those  which  now  prevail,  and  of  a  character 
more  nearly  allied  to  those  of  the  middle  United  States  of  today." 
"Only  one  species  appears  to  have  disappeared  in  Pleistocene  time. 
Acer  pleistocenicnm.  which  was  abundant  in  the  region  of  the  Don, 
bears  no  well  defined  resemblance  to  existing  snecies."' 

The  plant  remains  consist  chiefly  of  w(K)d  and  leaves,  the  former 
usually  nuich  llattened  from  the  p^e^sure  of  the  later  ice-sheet,  but 
otherwise  often   well   preserved,  the  red  cedar,   for  instance,   showing 
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its  color  and  being  still  quite  tough,  although  some  of  the  wood,  prob- 
ably decayed  l)efore  being  water-logged  and  included  in  the  clay,  is  in  a 
worse  condition.  Parts  of  the  wood  are  almost  of  the  nature  of  brown 
coal,  breaking  across  easily  and  showing  a  coaly  luster  on  the  broken 
surfaces.  It  may  be  worthy  of  mention  that  some  large  bits  of  porous 
charcoal,  as  if  from  the  burning  of  a  log,  were  found  cemented  with 
limonite  in  the  sand  (Xo.  6)  just  under  the  blue  clay.  The  leaves 
are  preserved  generally  in  the  thinner  body  of  clay,  and  are  rarely  ob- 
tained whole.     ♦    *    ♦ 

THE   SCARBORO'   OR   COOL   CLIMATE   BEDS. 

After  the  close  of  the  Don  period,  the  interglacial  lake  deepened 
greatly,  finally  standing  more  than  150  feet  above  lake  Ontario,  and  a 
great  series  of  clays  and  sands  were  deposited  by  the  Laurentian  river 
in  the  form  of  delta  materials  in  the  wide  and  deep  bay  at  this  time 
extending  still  farther  to  the  north  than  before.  As  seen  at  Taylor's 
brickyard,  the  clay  beds,  gray  and  finely  laminated,  with  a  few  thin 
peaty  layers,  rest  conformably  on  the  brown  sand  at  the  top  of  the 
Don  beds.  The  thickness,  however,  is  not  great,  on  account  of  later 
interglacial  erosion,  at  the  south  end  of  the  clay  pit  only  71/2  feet,  70 
yards  north,  13  feet,  and  a  quarter  of  a  mile  to  the  northeast,  30  feet. 
These  clays  are  magnificently  shown  at  Scarboro'  Heights,  where  they 
were  carefully  studied  by  Dr.  Hinde.  They  commence,  as  shown  in  a 
well  •  sunk  On  the  shore  beneath  the  cliflF,  about  €ve  feet  be- 
low lake  Ontario,  and  rise  eighty-five  or  ninety  feet  above 
it.  The  upper  surface  mingles  somewhat  with  the  overlying 
sand  and  varies  in  hight  to  «ome  extent.  The  clay  is  gray, 
very  firm  and  resistant,  almost  as  much  so  as  the  Hudson  River  shale 
of  the  region,  and  is  generally  finelv  laminated,  though  there  are  l>eds 
from  two  to  four  or  five  feet  thick,  showing  little  or  no  lamination. 
Besides  the  fine  lamination  there  arc  often  thin  layers  of  grayish  silt 
with  peaty  material  at  distances  of  one  or  two  inches  apart,  per- 
haps representing  flood  seasons  of  an  annual  character.  These  silty 
layers  cannot  often  l)e  traced  for  more  than  a  few  feet  horizontally, 
and  may  run  up  or  down  into  a  bed  showing  no  lamination  in  a  way 
suggesting  cross  bedding.  Another  very  characteristic  feature  is  the 
presence  of  half  inch  >hcets  of  greenish  impure  siderite  every  two  or 
three  feet,  though  these  are  not  found  everywhere. 

The  silty  layers  with  peaty  substances  when  washed  to  remove  clay 
and  then  dried  and  looked  over  with  a  lens  show  great  uniformity  in 
all  parts  of  the  region.  Scales  of  mica  are  always  numerous,  as  well 
as  mosses,  spruce  leaves,  certain  round  black  seeds,  and  chitinous  por- 
tions of  beetles.  So  constant  is  this  assenil>lago  that  these  clays  are 
easily  recognized  by  it  when  found  in  new  localities,  the  clay  ironstone 
sheets  aflFording  an  additional  earmark.  Finally  the.se  are  the  only 
clays  in  the  region  which  burn  to  a  dark  red  brick.  As  their  materials 
must  have  been  derived  by  the  Laurentian  river  and  its  tributaries 
from  the  calcareous  boulder  clav  of  the  vallev  to  the  north,  much  of 
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the  lime  must  have  gone  into  solution  by  artificial  weathering  before 
reaching  the  river  or  have  been  dissolved  during  the  time  of  transport, 
thus  allowing  the  red  color  due  to  iron  to  appear  on  burning.  *  »  ♦ 
Dr.  S.  H.  Scudder,  who  determined  the  beetles,  thinks  that  all  but 
two  of  the  72  [species  listed  in  Coleman's  paper]  are  extinct.  *  ♦  * 
The  number  of  species  of  beetles  could  no  doubt  be  extended  if  the 
work  of  determining  them  were  not  so  very  laborious.  In  addition  to 
the  beetles,  cyprids  occur,  and  rarely  also  fragments  of  Sphaeriums. 

The  plants  include  several  trees,  Prof.  Penhallow  having  found 
Larix  americana,  Picea  alba,  and  another  species  of  Picea,  in  materials 
from  Price's  and  Simpson's  brickyards;  while  Dr.  Macoun  found 
leaves  apparently  of  willow  and  alder  in  peaty  material  from  Scar- 
boro\  as  well  as  two  shrubs,  Oxycoccus  palustric  and  Vaccinium  uli- 
ginosum,  and  some  smaller  plants,  .such  as  Equisetum,  Carex  aquatilis. 
and  C.  utriculata.     Dr.  Hinde  reports  five  species  of  mosses.     *    ♦    * 

Dr.  Scudder  judges  from  the  relationships  of  the  beetles  to  mod- 
ern forms  that  the  climate  had  "a  boreal  aspect,  though  by  no  means 
so  decidedly  boreal  as  one  would  anticipate  under  the  circumstances." 
The  same  conclusion  is  reached  by  Dr.  M:acoun  and  by  Prof.  Pen- 
hallow   from  the  plant  remains.     *    *    * 

The  peaty  clay  occupies  the  western  part  of  the  great  bay  into 
which  the  Laurentian  river  emptied  when  the  interglacial  lake  was 
at  its  greatest  hight.  *  *  ♦  the  whole  extent  of  the  beds  [is  prob- 
ably! 25  mil^s  from  east  to  west.  The  last  exposure  known  towards  the 
north  is  6^  miles  inland  from  lake  Ontario,  and  no  doubt  if  the  cut- 
tings of  the  Don  were  deep  enough  it  would  be  found  considerably 
farther  north.  The  greatest  thickness  of  the  clay  at  Scarboro'  is 
about  94  feet,  5  below  the  lake  and  89  above:  but  the  upper  limit  is 
rather  hard  to  fix,  since  it  becomes  interbedded  with  sand.     ♦     *     * 

INTERGLACIAL    SANDS. 

Above  the  peaty  clay  at  Scarboro'  there  are  stratified  sands  with 
a  thickness  of  55  or  60  feet  where  best  developed  near  the  central 
part  of  the  Mights,  following  the  lower  beds  conformably  and  ap- 
parently laid  down  in  shallower  water  but  under  similar  climatic  con- 
ditions. The  lower  4  or  5  feet  have  clayey  layers,  but  above  this  the 
sand  is  quite  coarse,  though  free  from  pebbles,  and  shows  cross  bed- 
ding in  some  layers.  In  the  sand  are  found  all  the  usual  minerals  of 
Archean  rocks,  and  a  few  bands  of  garnet  and  magnetite  occur,  evi- 
dently arranged  under  wave  action,  as  on  the  present  beach  at  the  foot 
of  the  cliff.  Just  over  the  peaty  clay  there  is  sometimes  an  accumulation 
of  coarse  woody  material,  flattened  twigs,  bits  of  bark,  etc.,  with  quite 
laree  branches  of  Larix  americana  and  Abies  balsamea:  and  similar  lay- 
ers, but  in  less  quantity,  occur  at  a  few  points  twenty  or  thirty  feet 
hieher  uo  in  the  cross  bedded  sand.  Near  the  top  of  the  sand  numer- 
ous nut-Iikc  concretions  of  brown  iron  ore  are  found,  and  occasionally 
also  a  few  shells,  such  as  Sphaerium  rhoniboideum,  S.  fabale,  Limnaea 
sp.,  Planorbis  sp.,  and  Valvata  tricarinata.  but  Unios  have  not  been  ob- 
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tained  from  them.  The  stratified  snnds  were  apparently  laid  down 
like  the  clays,  from  materials  brought  from  the  north  by  the  Laurentian 
river,  but  in  the  shallower  water  where  wave  action  was  effective,, 
forming  wide  sand  flats  and  largely  filling  the  western  side  of  the  bay 
previously  described. 

A  series  of  interglacial  sands  and  gravels  occurs  in  western  Toronto,, 
and  is  well  exposed  in  large  pits  near  Christie  and  Shaw  streets ;  but 
its  exact  relation  to  the  Scarboro*  deposits  is  not  certain.  Where  the 
two  series  meet  near  the  corner  of  Dupont  and  Bathurst  streets  there 
are  two  or  three  beds  of  clay  with  peaty  layers  interstratified  with  sand, 
suggesting  that  the  sand  and  gravel  arc  of  the  same  age  as  the  Scarboro^ 
clay. 

The  sand  and  gravel  beds  have  a  thickness  of  at  least  78  feet,  and 
rise  130  or  140  feet  above  lake  Ontario,  but  their  extent  is  unknown,  as 
they  are  in  general  buried  under  boulder  clay.  It  is  certain  that  these 
beds  were  formed  under  different  conditions  from  those  either  of  the 
Don  or  Scarboro'.  They  are  of  coarser  and  more  variable  materials,, 
often  showing  very  marked  cross  bedding,  probably  produced  by  cur- 
rents rather  than  waves,  and  sometimes  apparent  unconformities  such 
as  are  made  by  a  stream  changing  its  bed.  We  may  suppose,  that  an 
interglacial  Humber  river  coming  in  from  the  west  or  northwest, 
brought  down  sand  and  gravel  at  the  edge  of  the  great  bay,  mingling 
them  at  some  points  with  the  clayey  delta  materials  of  the  Laurentian 
river. 

This  brings  to  a  close  the  scries  of  deposits  forming  the  Toronto 
formation.  In  all  there  are  four  varieties,  the  sands  and  clays  of  the 
Don,  with  their  warm  climate  trees  and  Mississippi  Unios;  the  peaty 
clays  of  Scarboro',  with  their  seventy  distinct  beetles  and  their  small 
flora,  suggesting  a  cool  but  not  arctic  climate;  the  stratified  sands  over- 
lying them,  probably  forming  a  continuation  of  the  cool  climate  period; 
and  the  western  sands  and  gravels,  with  elephants,  bisons,  and  some 
shell-fish,  affording  little  evidence  as  to  climate.  The  maximum  thick- 
ness observed  in  each  set  of  deposits  is  as  follows : 

3.     Scarboro'    sands   60      feet. 

2.     Scarboro'  peaty  clays 94      feet. 

I.     Don    beds 41^  feet. 


4.     Western  sands  and  grav- 
els  78  feet. 


195H  feet. 

These  Toronto  and  Scarboro'  interglacial  deposits,  after 
being  spread  as  a  vast  composite  delta  plain,  Nvdth  gentle  lake- 
ward  slope,  were  deeply  channeled  by  several  streams  before 
the  ensuing  glaciation  covered  the  w^hole  with  alternating 
sheets  of  till  and  modified  drift.  On  the  present  shore  these 
valleys,  partially  filled  by  the  later  drift,  descend  below  the 
level  of  lake  Ontario,  showing  that  after  the  delta  accumula- 
tion this  part  of  the  lake  held  for  some  time  a  lower  level  than 
now. 
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Subsequently  a  snowy  climate  again  caused  an  ice-sheet 
to  overspread  this  area,  with  repeated  oscillations  of  its  bor- 
der. The  oncoming  and  wavering  of  this  glaciation,  shown 
by  its  drift  series,' have  also  been  described  by  Coleman  as 
follows : 

The  halt  at  the  Scarboro'  delta  was  long,  and  must  have  included  at 
least  three  great  oscillations  of  retreat  and  advance,  to  account  for  the 
complex  of  tills  separated  by  stratified  materials  now  crowning  the 
hights.  The  first  sheet  of  till  is  shown  for  about  nine  miles  continuously 
at  Scarboro'  with  the  shape  of  a  slightly  bent  bow,  touching  the  lake 
at  each  end,  and  with  a  sharp  downward  dip  at  the  Dutch  church.  The 
latter  is  however,  less  symmetrically  placed  than  in  a  bow,  being  only 
three  miles  from  the  west  end  and  six  from  the  east.  The  hollow  of 
the  Dutch  church  valley  was  filled  with  till  containing  comparatively 
few  stones  to  a  level  50  or  60  feet  above  the  present  lake,  then  merging 
into  gray  stratified  clay  which  rises  to  a  hight  of  165  feet,  where  it  is 
covered  with  a  few  feet  of  much  later  Iroquois  beach  gravel.  Very  sim- 
ilar clays  rising  to  the  same  hight,  or  a  little  hig^her,  are  found  at  brick- 
yards to  the  north  of  Toronto.  They  burn  to  a  gray  brick,  and  so  are 
easily  distinguished  from  the  peaty  clay  which  makes  red  brick. 

The  highest  part  of  the  Scarboro*  escarpment,  about  a  mile  east  of 
the  Dutch  church,  gives  the  best  section  of  these  complex  glacial  de- 
posits. At  the  point  where  Uic  old  Iroquois  beach  is  cut  oflf  for  a  dis- 
tance by  the  present  lake  cliff,  there  is  a  face  of  270  feet  displaying 
three  layers  of  boulder  clay  separated  by  stratified  sand,  the  whole 
overlying  the  stratified  fossiliferous  sands  of  the  Toronto  formation. 
A  few  hundred  yards  to  the  east  of  this  the  escarpment  reaches  its 
highest  level,  354  feet  above  the  lake,  but  the  lower  part  is  not  .«o 
well  shown.  The  upper  portion  is,  however,  more  complete,  since  over- 
lying the  third  till  sheet  one  finds  laminated  grayish  blue  or  purplish 
clay  followed  by  evenly  bedded  fine  sand,  on  which  rests  a  fourth 
l>ouldcr  clay.  Putting  the  two  sections  together,  we  have  the  follow- 
ing complete  section: 

FBET. 

Bouklcr  clay.  No  4 48-354 

Stratified    sand    overlying 

stratified    clay    36-306 

Boulder   clay,   No.   3 32-270 

Silty  sand,  the  upper  layers 

crumpled     25-238 

Boulder   clav.    No.   2    9-213 

Cross  bedded   sand    29-204 

Boulder  clay,  No.   i    24-175 

Fossiliferous    sand     59-151       ,..,    r    *»     t^       *       r 

Peaty    clay    92-  Q2       '^i    feett    Toronto    forma- 

Lake    Ontario    o  J  "^"• 

No  fossils  have  been  found  in  the  sands  or  clays  of  the  glacial 
complex  at  Scarboro',  but  a  few  have  been  picked  up  in  stratified  sand 
lying  between   two  beds   of  Iwulder   clay   at   the  Metropolitan  power 
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house,  a  mile  or  two  north  of  Toronto.  Amnicola  limosa,  a  Succinea, 
and  fragments  of  another  species.    These  occur  at  220  feet  above  the 

« 

lake,  but  the  sand  containing  them  rims  up  to  247  feet  and  may  cor- 
respond to  the  silty  sand  between  till  No.  2  and  till  No.  3  at  Scar- 
boro*. 

One  of  the  recessions  of  the  ice,  perhaps  the  one  just  mentioned, 
appears  to  have  been  very  extensive,  for  two  thick  beds  of  boulder 
clay  are  found  to  be  separated  by  stratified  materials  at  numerous 
points  on  the  lake  shore  as  far  east  as  Newtonville,  fifty  miles  from 
Toronto.  The  same  relationship  is  found  near  the  head-waters  of 
the  Don,  about  eisrht  miles  north  of  the  city,  and  also  in  ravines  to 
the  east,  but  has  not  been  observed  to  the  immediate  west;  though 
the  stratified  clays  lying  between  two  layers  of  till  at  Dundas  and 
at  several  points  near  Niagara  Falls  may  correspond  to  the  same 
interglacial-  stage.  In  that  case  the  ice  must  have  withdrawn  eighty 
miles  in  a  northeasterly  direction  before  advancing  again. 

*  *  *  The  highest  boulder  clay  has  not  yet  been  traced  with  cer- 
tainty west  or  south  of  the  Toronto  region,  however,  since  the  four 
sheets  of  boulder  clay  are  very  much  alike  and  cannot  be  discrim- 
inated when  found  alone;  and  there  is  a  possibility  that  it  ends  here, 
and  that  the  water  then  filling  the  Ontario  basin  was  continuous  with 
that  of  some  of  the  successors  of  lake  Warren. 

In  several  earlier  papers,  treating  of  the  causes  of  the  Ice 
age,  I  have  attributed  the  snow  and  ide  accumulation  to  great 
uplifts  of  the  land  areas  which  were  glaciated,  giving  to  them 
a  cool  and  snowy  climate  throughout  the  year.  From  the 
depths  to  which  preglacial  land  valleys  are  now  submerged 
beneath  the  sea  level  on  the  coasts  of  North  America  and  Eu- 
rope, it  is  known  that  the  elevation  of  the  glaciated  portions 
of  these  continents  was  3,000  to  5,000  feqt  higher  than  now. 

After  a  very  long  duration  of  the  somewhat  fluctuating 
ice-sheet  on  each  of  these  continents,  the  glaciated  areas  sank 
to  their  present  hight  or  mostly  somewhat  lower,  so  that 
when  the  ice  melted  away  the  sea  covered  coastal  portions  of 
the  drift-bearing  countries.  The  great  change  of  climate  re- 
sulting along  the  lx)rdcrs  of  the  ice-sheet  on  account  of  the 
land  depression  caused  rapid  melting  there,  and  this  advanced 
inland  until  all  the  ice  disappeared.  The  depression  from  the 
former  high  altitude,  as  was  remarked  by  Dana,  would  trans- 
fer the  southern  part  of  the  ice-sheet  from  a  climate  like  that 
of  Greenland  to  the  temperate  climate  of  southern  Canada 
and  the  northern  United  States.  Marginal  melting  then  grad- 
ually pushed  back  the  Ix^undary  of  the  ice  and  thus  gave  to 
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its  front  an  increased  Steepness  of  slope,  whereby  any  slight 
halt  or  readvance  due  to  a  series  of  years  of  unusual  obld  and 
snow-fall  became  recorded  in  a  marginal  moraine. 

The  predominantly  wasting  ice  border  rose  probably  to  an 
altitude  of  5,000  feet  within  a  hundred  miles  froni  its  edge 
while  being  dissolved  by  the  warm  Chamjplain  climate  with 
somewhat  lower  altitude  of  the  land  than  now.  If  the  retreat 
of  the  ice-sheet  from  the  northern  United  States  and  Canada 
occupied,  as  I  think,  some  three  to  five  thousand  years,  dis- 
appearing earliest  from  the  upper  Missouri  and  Mississippi 
basins,  and  latest  from  New  England,  the  province  of  Que- 
bec, and  Labrador,  the  extensicn  of  a  warm  temperate  flora 
and  fauna  could  well  keep  pace  with  the  glacial  recession,  so 
that,  as  on  the  waning  Malaspina  ice-sheet,  a  flora  like  that 
of  the  same  latitude  today,  and  concomitant  temperate  mol- 
luscan  and  insect  life,  may  well  have  thrived  up  to  the  very 
boundary'  of  the  ice,  or  i>erhaps  in  the  case  of  the  plants  and 
insects  even  extending,  as  in  Alaska,  upon  the  drift-dtwered 
ice-border. 

Darwin  noted,  in  his  narrative  of  the  voyage  of  the  Beagle, 
that  glaciers  in  the  fjords  of  southern  Chile  reach  down  to  the 
sea  level  within  nine  degrees  of  latitude  from  w^herc  palms 
i]v:;nrish.  Professor  W.  O.  Crosby  tells  me  of  his  observations 
of  line  orchards  of  cherries  and  other  fruits  cultivated  close 
to  tlic  limits  of  the  large  local  fields  of  ice  and  neve  in  Nor- 
way, one  of  which  has  an  area  of  about  five  hundred  square 
miles.  In  t!je  Alps  the  glaciers  end  only  a  few:  hundred  feet 
iroxw  productive  fields  and  gardens  of  flowers.  Still  more 
like  the  condition  of  North  America  and  Europe  during  the 
recession  of  their  Pleistocene  ice-sheets  is  the  vast  fertile 
plain  of  India,  enjoying  a  tropical  climate,  while  within  a 
short  distance  along  its  northern  side,  and  farther  wxst  and 
east  for  an  extent  of  1,500  miles,  runs  the  almost  impassable 
Himalayan  range  with  valleys  bearing  glaciers  and  summits 
crowned  with  perpetual  snow. 

The  proximity  of  the  very  cold  Himalayas  does  not  bring 
frosts  to  the  neighboring  tropical  plain.  In  like  manner  the 
ice-sheet  still  lingering  on  northern  Ontario,  New  York,  and 
New  England,  probably  did  not  cause  a  very  frigid  climate 
to  prevail  in  the  winters,  nor  nights  of  frost  in  the  summers. 
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on  the  windward  low  region  of  the  Laurentian  lakes  whence 
the  ice  had  recently  retreated. 

The  thick  stratified  clay  and  sand  beds  fotining  the  lower 
half  of  the  Scarboro'  section  were  evidently  amassed  as  a 
delta  or  broad  alluvial  slope,  perhaps  wholly  above  the  water 
level  in  the  Ontario  basin.  So  large  a  supply  of  sediments 
seems  referable  to  their  derivation  partly  from  englacial  drift 
exposed  by  ablation  on  the  margin  of  ice-fields  within  the 
drainage  area  of  the  delta-forming  streams.  In  this  tract  of 
confluence  between  the  great  eastern  and  central  lobes  of  the 
Laurentide  ice-sheet,  represented  by  the  angle  of  the  drift 
boundary  at  Salamanca  in  southwestern  New  York,  there  un- 
doubtedly was  brought  an  exceptional  volume  of  the  en- 
glacial  drift  by  the  confluent  glacial  currents.  Much  of  these 
clays  and  sands  may  therefore  have  come  from  englacial  and 
finally  superglacial  drift  of  the  neighboring  ice-sheet  on  the 
northeast,  being  brought  by  streams  from'  its  melting;  while 
the  driftwood  and  leaves  of  trees,  and  mosses  of  peat  bogs, 
growing  within  a  few  miles  westward,  were  contributed  to  the 
same  deltas  by  streams  flowing  from  a  wooded  land  area  bor- 
dering the  ice,  such  as  Russell  foimd  adjoining  the  Malas- 
pina  ice-sheet  in  Alaska  and  even  extending  its  forest  growth 
several  miles  upon  the  drift-covered  margin  of  the  departing 
ice. 

When  the  delta,  with  its  fanlike  lakcward  slope,  had  at- 
tained the  maximum  depth  of  nearly  200  feet  in  the  Scarboro' 
section,  lying  partly  beneath  the  present  lake  level,  it  was 
deeply  channeled  by  the  principal  streams,  which  no  longer 
carried  so  abundant  silt  for  deposition  on  that  outer  part  of 
the  delta  area. 

Later  a  moderate  reaclvance  of  tlie  icfe-sheet  seems  to  have 
brought  nxuch  englacial  till,  boulder  clay,  over  this  district, 
to  be  deposited  when  that  thin  ice  margin  melted  away;  and 
upon  this  till  the  streams  flowing  from  the  ice  front  spread  a 
thickness  of  twenty-nine  feet  of  cross  bedded  sand.  With  the 
oscillations  of  small  extent  and  short  duration  which  the  ice 
border  often  made  during  its  accumulation  of  marginal  mor- 
aines, the  same  alternations  of  boulder  clay  and  sand  were 
repeated  until  four  distinct  deposits  of  till  and  three  of  in- 
tervening sand  beds,  marking  four  ice  advandes  and   reces- 
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sions,  crowned  the  ridge  of  Scarboro'  Heights,  attaining  to- 
gether the  thickness  of  203  feet. 

Several  species  of  the  molluscan  fauna  which  earliest  came 
into  the  region  of  Toronto,  following  the  retreat  of  the  ice, 
were  later  unable  to  survive,  when  brought  more  fully  into 
coiTKpetition  wnth  the  eastern  fauna  of  the  coastal  region; 
but  they  are  still  living  farther  south  and  west,  within  the 
Mississippi  drainage  area.  It  is  also  especially  noteworthy 
that  the  very  rapid  evolution  now  in  progress  producing  the 
exceedingly  abundant  species  of  insects  is  ^showii  by  the 
changes,  or  less  probably  the  extinction,  of  nearly  all  the  spe- 
cies of  beetles  found  in  the  Scarboro'  delta  deposits. 

If  all  this  history  was  subsequent  to  the  beginning  of  the 
erosion  of  the  Niagara  river  gorge,  and  previous  to  the  rise 
of  this  western  part  of  the  glacial  lake  Iroquois,  occasioned 
by  tlie  uplifting  of  the  country  including  its  outlet  at  the  east, 
to  form  the  upper  Iroquois  beach  of  Toronto  and  its  vicinity, 
which  I  think  probable,  only  a  few  hundred  years,  or  perhaps 
a  thousajnd  years,  more  or  less,  must  have  sufficed  for  the 
deposition,  of  the  Toronto  and  Scarboro'  interglacial  and 
glacial  series.  This  conclusion  seems  well  consistent  with 
the  .apparent  evidences  of  seasonal  changes,  as  if  marking 
years,  which  Coleman  mentions  as  frequent  in  the  Scarboro' 
])eaty  clays. 


EDITORIAL  COMMENT. 

ANXOrNCKMENT   OF   THE  THEORY   OF   EVOLUTION. 

There  is  no  more  notable  event  in  the  history  of  science 
than  the  joint  presentation  befon*  the  Linnean  Society  in  1858 
of  papers  by  Charles  Darwin  and  Alfred  Wallace  announcing 
the  theory  of  evolution  by  natural  selection.  Darwin,  as  is 
generally  known,  was  most  careful  in  his  methods  of  work. 
His  theory  in  regard  to  the  transmutation  of  species  by  natural 
selection  was  slowly  thought  out  from  the  time  of  the  voyage 
of  the  Dcaglc,  and  was  put  in  writing  in  1844.     This  manu- 
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script  was  shortly  afterwards  shown  to  Sir  Joseph  Hooker  and 

others ;  but  Darwin  continued  to  collect  .facts  and  to  postpone 

publication.  In  1858  Wallace  sent  him  from  the  East  Indies 
9  better  not  specifically  intended  for  publidaiton,  announcing 

the  same  theor>'  of  natural  selection.  Darwin  was  at  first  in- 
clined to  publish  Wallace's  paper  by  itself,  but  was  persuaded 
by  Sir  Charles  Lyall  and  Sir  Joseoh  Hooker  to  have  read  be- 
fore the  Linnean  Society  at  the  same  time  as  Wallace's  paper 
an  extract  from  his  unpublished  manuscript  of  1844  ^^^  ^ 
letter  addressed  to  Asa  Gray.  The  papers  by  Darwin  and 
Wallace  and  a  statement  by  Lyell  and  Hooker  were  read  be- 
fore the  Linnean  Society  in  1858  and  subsequently  published 
in  the  Journal  of  the  Society.  These  documents,  to  which 
attention  is  called  by  their  reproduction  in  the  November  num- 
ber of  The  Popular  Science  Monthly,  are  of  very  great  in- 
terest both  in  themselves  and  in  comparison  with  the  full  pre- 


sentation of  the  theory  of  evolution  by  natural  selectpn  u«b 
lisbed  later  bv  Darwin  and  Wallace. 
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I    TILPCN  FQUNPATIONS. 

The  American  PhilosophicJal  Society,  Philadelphia,  founded 
in  1743  through  the  instigation  of  Benjamin  Franklin,  is  the 
oldest  scientific  society  in  America,  and  ranks  among  the  old- 
est in  the  world.  Its  publications  are  found  in  the  principal 
libraries  of  this  country  and  of  Europe.  Its  membership  em- 
braces many  of  the  most  prominent  scientists  of  America,  and 
represents  the  extended  national  basis  on  which  the  society  is 
founded.  Arrangements  are  being  made  by  a  cbmmittee  of 
the  society  to  enlarge  the  facilities  "for  promoting  useful 
knowledge"  to  which  the  organization  is  devoted  by  the  terms 
of  its  first  circular  issued  by  FrankHn,  and  for  widening  the 
plan  of  publication.  It  is  proposed  to  hold,  in  addition  to  the 
usual  semi-monthly,  an  annual  general  meeting  designed  Lo 
attract  members  of  the  society  from  all  parts  of  the  country. 
Papers  read  at  this  annual  meeting  will  be  of  a  more  general 
scientific  character,  and  their  prompt  publication  will  enable 
the  society  to  be  the  avenue  of  announcement  of  important  re- 
sults of  more  extended  researdi.  The  first  annual  meeting  is 
to  be  held  Easter  week,   1902.     This  plan,  if  its  results  arc 
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ct>iniiitMi>uraic  with  the  expectadons  oi  the  soccr-    t-' 
«>ulv  ^ivtf  ail  uuspicioxis  apwrini^  fur  the  nventietb   'rr.'--- 
will  >trrvt^  to  pix^note  the  society  and  rhe  interie5t5  "or   r 
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prviiiiso  to  rank  weil  with  the  last. 
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The  mountains  of  the  Choctaw  region  are  all  of  the  same  type  and 
have  similar  detail  of  surface  features.  They  are  all  of  synclinal 
structure,  and  the  same  formations  occur  in  all  four  of  the  mountains 
in  this  field  and  in  nearly  the  same  relative  position.  The  sides  of  the 
mountains,  knobs,  peaks,  or  ridges  have  the  bench  and  terrace  type  of 
sculpture. 

The  geological  structure,  stratigraphy  and  economic  features  are 
clearly  described.  Regarding  the  distribution  of  the  coal  seams  of  the 
district  it  is  stated  that  "Seven  workable  beds  of  coal  are  known  in  the 
eastern  Choctaw  coal  field.  They  occur  in  four  different  formations, 
from  the  top  of  the  Hartshorne  sandstone,  which  is  the  lowest  coal- 
bearing  rock  known  in  Indian  Territory,  upward  to  the  lower  part  of 
the  Boggy  shale.  The  thickness  of  the  rock  between  the  lowest  and 
highest  of  these  coals  is  estimated  to  be  nearly  3,600  feet.  Besides  these 
coal  beds,  which  are  profitably  worked,  there  are  a  number  of  others 
that  are  thin  and  have  been  located,  chiefly  by  prospect  drill,  in  various 
parts  of  the  McAlester  shale  and"  Savanna  sandstone. 

"A  knowledge  of  the  geological  structure  of  the  rocks  in  which  coal 
beds  occur  and  of  the  combined  effects  of  structure  and  erosion  on 
the  topography  or  surface  configuration  of  the  land  is  necessary  to  the 
most  successful  economic  prospecting  and  exploitation  of  the  coal. 
Except  to  test  the  thickness  and  quality  of  a  particular  coal  bed,  the 
drill  need  not  be  called  into  use  in  a  coal  field  of  this  nature.  All  the 
known  coal  beds  are  associated  with  sandstone  beds  of  considerable 
persistency,  which  make  their  presence  and  location  known  by  more  or 
less  elevated  hills  and  ridges.  When  the  interval  between  such  sand- 
stone and  coal  beds  is  once  established,  the  crop  of  the  coal  may  be 
located  as  rapidly  as  the  sandstone  ridge  or  outcrop  can  be  traversed. 
The  dip  of  the  sandstone  may  be  determined  at  almost  any  point  by 
measurements  on  its  outcropping  edges.  The  coal  beds,  on  the  con- 
trary, nsur.lly  lying  in  shale,  have  their  edges  worn  down  and  concealed 
by  soil  and  rock  debris." 

Good  maps  accompany  the  memoir.  Also  a  few  paragraphs  on  the 
composition  and  adaptability  of  the  coals.  c.  R.  k. 

Geology   and   water  resources   of   Nes   Perce   county,   Idaho.      I.   C. 

Russell.     (U.   S.  Geol.   Sur.,  Water  supply  papers,   Nos.  53  and 

54,   i^oi). 

This  document  is  more  than  a  treatise  on  the  water  supply  and 
irrigation  of  Nez  Perce  county,  for  it  enters  largely  into  the  inter- 
esting geology  of  the  region,  and  presents  some  very  fine  plates  show- 
ing the  canons  eroded  by  the  streams. 

Prof.  Russell  note«  two  sharply  defined  rock  groups — a  pre- 
Tertiary  and  a  Tertiary.  The  former  embraces  a  large  variety 
of  rocks  of  both  igneous  and  sedimentary  origin,  and  large  areas 
of  metamorphic  rocks.  These  are  disturbed  by  folding  and  other- 
wise and  once  formed  a  land  surface  that  was  deeply  denuded  be- 
fore the  younger  group  was  spread  upon  it.  The  Tertiary  group 
consists  largely  of  igneous  rock,   either  basalt  or  volcanic   tuffs,  but 
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occasionally  it  has  layers  of  clay,  lignite,  sand  and  gravel.  It  ii 
nearly  horizontal.  The  older  group  carries  some  gold  and  ores  of 
other  nietals,  but  on  decay  forms  a  very  poor  soil.  The  younger 
is  without  native  metals  and  ores  but  forms  a  deep  dark  soil  of  mar- 
velous fertility.  Possibilities  of  artesian  water  inhere  only  in  the 
younger  group.  The  age  of  the  pre-Tertiary  group  is.  in  part  at 
least,  probably  Mesozoic,  this  being  indicated  by  fossils  found  in 
certain  limestones.  The  younger  group  is  Tertiary,  as  shown  by  fos- 
sils found  associated  with  some  of  the  sedimentary  beds  lying  be- 
tween  basalt  sheets. 

Prof.  Russell  judges  that  in  southern  and  central  Idaho,  in  the 
Glacial  epoch,  there  were  only  isolated  Alpine  glaciers,  and  no  gen- 
eral or  continental  ice-sheet.  These  Alpine  glaciers  produced  one  of 
the  most  marked  of  the  drift  phenomena  of  Idaho,  viz.  the  overwash 
gravels.  The  great  lava  plain  is  called  the  ''Columbia  River  lava.* 
Through  it  protrude  many  isolated  peaks  or  islands  of  the  pre-Ter- 
tiary rocks.  These  are  dominated,  generically,  stcptoes,  a  name  de- 
rived from  Steptoe  butte,  near  Garfield,  in  Washington.  The  largest 
of  these  known  is  Eagle  Creek  range,  or  Po^^'der  River  mountains, 
in  Oregon,  which,  as  stated  by  Lindgrren,  consists  of  bare  ragged 
peaks  that  rise  several  thousand  feet  above  the  basaltic  plateau,  sur- 
rounding them  on  all  sides.  This  steptoe  has  a  diameter  of  twenty- 
four  miles. 

The  Columbia  River  lava  is  the  most  remarkable  feature  of  the 
geology  of  the  region.  It  is  almost  entirely  within  the  drainage 
area  of  the  Columbia  river,  covering  nearly  the  whole  of  Washing- 
ton and  Oregon  east  of  the  crest  of  the  Cascade  mountains,  and  ex- 
tends into  Idaho  to  the  Cocur  d'Alene  and  Bitterroot  mountains.  Its 
whole  area  is  otiniated  at  200,000  or  250.000  square  miles,  its  great- 
est known  thickness  l)eing  4,000  feet.  Following  is  Prof.  Russell's 
terse   description  : 

"The  lava  was  outpoured  at  successive  intervals,  embracing  a 
long  pericxl  of  time,  as  is  shown  by  the  occurrence,  at  several  hori- 
zons, of  lay«Ts  of  se(limentar>'  material,  principally  clays  and  sands, 
between  the  lava  sheets.  In  places  also  the  lava  sheets  are  separated 
by  layers  of  volcanic  dust  containing  the  silicified  trunks  of  trees 
which  grew  on  a  soil  formed  by  the  decay  of  the  underlying  layer, 
thus  showing  that  the  intervals  Ixrtween  the  flows  were  in  some 
eases  a  century  or  more  in  duration.  The  lava  came  through  fissures 
in  the  earth's  crust — in  what  are  known  as  fissure  eruptions — and 
spread  widely  over  the  land,  from  which  it  is  evident  that  each  sheet 
was  spread  out  horizontally.  The  movements  that  have  occurred  in 
the  layers  since  they  cooled  and  hardened,  and  which  have  caused 
them  to  l)e  deformed  from  their  original  horizontal  position,  can  bf 
studied  in  the  same  way  as  the  structure  of  sedimentary  beds.  -A.1- 
though  the  lava  .sheets  are  still  essentially  horizontal  over  broad 
areas,  they  frequently  have  gentle  dips,  and  in  certain  regions  are 
tilted  and  even   sharply  folded  and   faulted.     On  the  eastern   slope  of 
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the  Cascade  mountains  the  lava  sheets  occur  with  a  dip  to  the  east- 
ward, for  long  distances,  of  three  or  four  degrees,  showing  that  a 
large  part  of  that  range  has  been  elevated  to  a  hight  of  at  least 
6,000  feet  since  the  lava  was  poured  out.  Similar  but  less  extensive 
deformations  have  also  occurred  on  the  eastern  side  of  the  lava- 
covered  country,  as  will  be  described  further  on.  Between  these  bor- 
dering areas  is  the  region  of  the  great  plains  of  the  Columbia,  and 
southward  from  it,  in  Oregon;  the  lava  sheets  have,  in  general,  been 
but  little  disturbed  from  their  original  horizontal  position  although 
a  subsidence  of  three  or  four  thousand  feet  has  probably  taken  place. 
Extensive  movements  in  the  earth's  crust  occurred  also  at  certain 
periods  during  the  time  the  lava  sheets  were  being  formed,  as  is 
shown  near  Clealum,  Washington,  on  the  eastern  slope  of  the  Cas- 
cades, where  the  upturned  and  eroded  lower  portion  of  the  formation 
is  overlain  unconformably  by  later  sheets.  How  widely  extended 
this  unconformity  may  be  remains  to  be  determined." 

As    determined    by    Mr.    Diller   this    lava    consists    of    plagioclase, 
augite,  olivine  and  magnetite,  with  considerable  globulitic  base. 

N.   H.   w. 

Geological  Survey  of  Canada.  Annual  Report.  New  Series,  Volume 
XI,  1898.  George  M.  Dawson,  Director.  Parts  A.  D.  F,  G,  J.  L, 
M,  R,  and  S ;  together  856  pages,  plus  30  pages  in  Table  of  Con- 
tents and  Index ;  with  numerous  plates,  and  four  folded  maps. 
Price,  80  cents.     Ottawa,  1901. 

The  summary  report  of  the  Director  fills  208  pages,  narrating  the 
progress  of  the  several  departments  of  the  Survey  during  the  year 
i8q8,  with  outlines  of  work  by  field  parties,  and  brief  statements  of 
some  of  their  observations  and  discoveries.  Four  maps  on  the  scale  of 
eight  miles  to  an  inch  were  completed  and  printed,  comprising  an  ag- 
gregate of  about  125.000  square  miles.  Ten  maps  on  larger  scales  were 
also  published,  seven  of  these  being  maps  of  gold  mining  districts.  The 
number  of  visitors  to  the  Museum  during  the  year  was  33,183,  being 
more  than  in  any  pre\'ious  year.  The  entire  staff  employed  in  the  Sur- 
vey numbered  forty-eight ;  and  the  legislative  appropriations  for  it 
amounted  to  $107,600. 

The  second  part  (D)  of  this  volume  is  a  report,  in  44  pages,  by 
Mr.  James  McEvoy,  on  the  geology  and  resources  of  the  country  trav- 
ersed by  the  Yellow  Head  Pass  route  from  Edmonton  to  Tete  Jaune 
Cache,  on  the  Eraser  river,  comprising  portions  of  Alberta  and  British 
Columbia.  The  rock  formations,  l^eneath  the  drift,  are  of  Tertiary, 
Cretaceous  Devono-Carhoniferous,  Cambrian,  and  Archean  age. 

Mr.  A.  B.  Dowling  descril)es.  in  the  third  report  (F),  of  100  pages, 
the  geology  of  the  west  shore  and  islands  of  lake  Winnipeg.  The  area 
of  this  lake  is  stated  as  9,414  square  miles,  being  2.150  more  than  lake 
Ontario ;  but  it  is  comparatively  shallow,  as  its  maximum  recorded 
sounding  is  96  ft.  The  rock  series  belongs  to  the  Cambro-Silurian  sys- 
tem. It  consists  of  the  Winnipeg  sandstone  and  shales,  about  100  feet 
thick,  probably  of  Black  River  age ;  the  Trenton  formations,  a  lower 
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mottled  limestone,  about  70  feet  thick;  the  Cat  Head  limestone,  also 
about  70  feet,  and  an  upper  mottled  limestone  about  100  feet;  and  the 
Stony  Mountain  limestone  and  shales,  probably  of  the  Utica  age,  no 
feet.  The  boulder  clay,  or  till,  attains  a  maximum  thickness  of  nearly 
100  feet;  and  on  some  of  the  islands  and  shores  it  forms  low  drumlin 
ridges,  running  southward,  parallel  with  the  course  in  which  the  ice- 
sheet  flowed. 

The  next  part  (G),  in  98  pages,  is  a  report  on  the  east  shore  of 
this  lake  Winnipeg,  with  adjacent  districts  of  Manitoba  and  Kewatin 
compiled  by  Mr.  Dowling  from  notes  and  surveys  by  Mr.  J.  Burr  Tjt- 
rel.  This  side  is  in  marked  contrast  to  the  west,  as  the  rocks  are 
wholly  Archean,  the  preponderance  of  gneisses  and  granites  of  the 
Laurentian  being  the  chief  feature.  There  are  also  large  areas  of  strati- 
fied clay  and  silt,  deposited  in  the  glacial  lake  Agassiz,  having  a  rich 
soil,  covered  with  poplar  and  spruce  forests. 

Dr.  R.  W.  Ells  reports,  in  70  pages  (J),  on  the  geology  of  the 
Three  Rivers  map  sheet,  which  is  the  northwestern  sheet  of  the  **East- 
ern  Townships"  of  Quebec.  It  comprises  nearly  7,000  square  miles, 
mostly  yet  unsettled,  with  no  means  of  communication  excepting  by 
canoe  and  portage  routes.  The  rock  formation  range  from  the  Silurian 
to  the  Archean.  Pleistocene  marine  shore  lines  are  stated  by  Gial- 
mers  to  occur  up  to  bights  of  about  500  to  900  feet,  showing  differen- 
tial postglacial  elevation  of  the  land,  the  maximum  slopes  of  the  high- 
est beaches  being  about  two  feet  to  the  mile,  rising  from  east  to  west. 

An  exploration  of  a  part  of  the  south  shore  of  Hudson  strait  and 
of  Ungava  bay  is  reported  by  Mr.  A.  P.  Low.  in  47  pages  (L)  ;  and  a 
similar  report  on  the  northern  side  of  Hudson  strait  is  supplied  in 
Part  M,  38  pages,  by  Dr.  Robert  Bell.  These  reports  are  accompanied 
by  a  map,  on  the  scale  of  25miles  to  an  inch,  colored  to  .show  the  rock 
formations  along  these  coasts. 

Dr.  G.  C.  Hoffmann,  chemist  and  mineralogist  to  the  Survey,  re- 
ports his  work  for  the  year  in  Part  R,  55  pages ;  and  the  Scection  of 
Mineral  Statistics  and  Mines  in  charge  of  Mr.  E.  D.  Ingall,  is  reported 
in  Part  S.  196  pages.  The  total  value  of  metallic  products  was  $21.- 
705,8.S4,  being  eight  times  greater  than  in  1888,  ten  years  earlier ;  and 
of  non-metallic  products,  $38,661,000,  being  thrice  greater  than  ten  years 
before.  w.  u. 

Contributions    to    Mineralogy    and    Petrography,     SheMeld     Scientifie 
School.     Edited  by   S.  L.   Penfield  and  L.  V.   Pirsson.     Octavo, 
pp.  482.     New   York.     Charles   Scribner's   Sons.      1901. 
This    volume    is    composed,    essentially    of    reprints    of    papers    by 
Brush,  the  two  Danas,   Penfield  and  Pirsson,  professors  at  Yale  col- 
lege, and  by  numerous  young  men  who  have  been  associates  at   that 
institution,  viz.     Hawes,  Wells,  Allen.  Comstock,  Harper,  Meyer,  Far- 
rington,  Pratt,  Howe,  Minor,  Foote,  Warren,  Ford.  Weed  and  Greg- 
ory.    It  also  contains  a  sketch  of  the  progressive  development  of  min- 
eralogy and  petrography  at  Yale,  complete  bibliographies  of  the  papers 
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emanating  from  Yale,  and  occasional  comments  and  footnotes  by  the 
editors  intended  to  elucidate  the  corrections  and  discrepancies  which 
lapse  of  time  has  rendered  apparent.  Ihe  work  issues  and  is  edited 
from  New  Haven,  is  published  by  firms  in  New  York  and  London, 
and  is  printed  at  Cambridge,  Mass.,  a  fact  that  indicates  not  only  the 
cosmopolitan  spirit  in  which  it  is  published,  but  the  cordiality  exist- 
ing between  the  old  university  towns  of  New  England. 

Probably  no  greater  service  could  be  rendered  to  American  miner- 
alogy and  petrography  than  that  which  is  served  by  this  publication. 
•  By  all  odds  Yale  has  been  the  American  head  center  of  these  sciences, 
and  this  volume  will  serve  to  perpetuate  that  leadership.  These  pa- 
pers are  gathered  mainly  from  the  American  Journal  of  Science,  the 
earliest  being  that  of  Brush,  published  in  1849,  but  some  are  from 
other  sources.  The  volume  is  one  of  a  series  that  have  been  prepared 
by  the  professors  to  commemorate  the  bicentennial  of  Yale  univer- 
sity, dedicated  to  **The  Graduates  of  the  University." 

N.   H.   w^. 

Dragons  of  the  Air.    H.  G.  Seelev.     Methuen  &  Co.,  London,  and  D. 

Appleton  and   Company,   New  York,   1901.     12   mo.   pp.   240,   with 

eighty    illustrations.      Price   $1.20. 

This  little  work,  which  is  small  only  in  respect  of  material  bulk, 
treats  of  one  of  the  curious  traits,  one  might  almost  say  freaks,  of  the 
animal  kingdom,  viz.  that  of  extinct  flying  reptiles.  It  has  several 
plates  showing  the  grotesque  forms  of  the  ornithosaurs,  both  in  fly- 
ing action  and  in  repose  on  the  earth,  or  walking.  There  is  an  open- 
ing chapter  which  is  both  mythological  and  anatomical,  treating  of 
all  animals  that  fly  or  that  have  been  believed  to  fly,  fishes,  frogs,  liz- 
ards, birds,  and  mammals,  including  man.  The  volume  is  historico- 
scientifico-popular,  very  interesting  and  instructive,  and  should  be  in 
the  library  of  every  teaching  geologist.  n.  h.  w. 

Preliminary  report  on  the  Copper-hearing  rocks  of  Douglas  county, 
Wisconsin,  containing  a  preliminary  report  on  the  cop  per -bearing 
rocks  of  parts  of  Washburn  and  Bayfield  counties.  U.  S.  Grant. 
(Wisconsin  Geological  Survey,  Bulletin  No.  6.  second  edition. 
1901.) 

Dr.  Grant  has  given  two  vacation  seasons  to  the  field  work  on 
which  this  report  is  based.  He  has  described  in  much  more  detail  the 
same  structure  and  field  facts,  and  reaches,  in  the  main,  the  same  re- 
sults as  were  announced  in  the  Wirconsin  reports,  published  in  the 
seventies.  In  two  important  respects,  however,  he  differs  from  those 
reports,  viz.  (i)  He  is  not  ?o  sanguine  of  the  existence  of  copper 
of  economic  value  in  northern  Wiscc-nsin  as  was  Irving,  and  (2)  he 
describes  as  a  fault  plane  the  breccia  and  the  attendant  features  that 
mark  the  contact  of  the  lake  Superior  sandstone  on  the  trap  all  along 
the  north  side  of  the  Douglas  range,  making  it  the  probable  western 
duplication  or  extension  of  the  fault  plane  seen  along  the  south  side 
of  Keweenaw  point  in  Michigan. 
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This  fault  was  formed  after  the  deposition  of  the  lake  Superior 
stand  stone  and  the  effect  on  the  traps  was  extensive  and  remarkable. 
They  are  brecciated  and  reduced  to  extreme  fineness  sometimes  for  a 
distance  of  400  feet  from  the  fault  plane  but  the  sandstone,  which  lies 
on  the  north  side  and  which  has  suffered  a  great  down-throw,  is 
rather  thrown  into  a  series  of  folds,  or  is  broken  into  large  faulted 
blocks,  bending  upward,  even  at  sixty  degrees  from  the  horizon,  at 
the  fault  plane. 

It  might  have  been  well  had  Dr.  Grant  given  some  of  the  evidence 
of  the  long  erosion  interval  which  he  alludes  to  as  one  of  the  steps 
in  the  geological  history  of  Dpuglas  county,  said  to  have  occmrred  be- 
tween the  sedimentary  beds  of  the  rpper  Keweenawan  and  the  lake 
Superior  sandstone.  This  is  a  mooted  question.  Evidently  no  proof 
of  such  erosion  interval  occurs  within  the  field  reported  on,  else  it 
would  have  been  mentioned.  This  erosion  interval,  however,  was  one 
of  the  tenets  of  the  older  Wisconsin  survey  and  it  seems  to  have  been 
adopted  by  Dr.  Grant  without  question.  In  a  preliminary  and  sub- 
ordinate report,  however,  devoted  largely  to  economic  facts,  and  to  the 
description  of  the  field  geology,  it  would  have  been  impossible  to  have 
gone  into  a  theoretical  question  of  that  nature.  In  the  writer's  opin- 
ion there  was  no  such  erosion  interval,  but  instead  there  was  a  pro- 
gressive subsidence  in  the  lake  Superior  region,  followed  later  by 
flexure,  faulting,  and  elevation  above  the  sea.  N.  H.  w. 

An  investigation  of  the  buried  i^Uey  of  Wyoming.  William  Grif- 
fith. (Read  before  the  Wyoming  Historical  and  Geological  Society. 
Jan.  II.   1901.     Wilkesbarre.  Pa.) 

This  old  valley  has  long  been  known.     It  has  l)een  he  cause  of  dif- 
ficulty and  some  fatalities  in  the  mining  of  the  coal  at  Wilkesbarre. 
It  is  filled  with  gravel  and  sand,  and  other  coarser  drift,  to  the  depth 
of  200  or  300  feet.     If  this  filling  could  be  removed  there  would  be 
seen  a   lake  eighteen  miles  long  and  a  mile  in  width  through    which 
the   Susquehanna  river  would  flow.     This  river  now   flows  along  the 
surface  of  the  gravel  bed.  but  slightly  impinging  upon  the  rock  rim.     It 
s  evident  that  this  gravel  is  permeated  by  water  for  sometimes  in  min- 
ng  operations  both  gravel   and  water  rush   into  the  mines   that    pass 
nto  the  limits  of  the  gorge.     This  gorge  is  an  interesting  example  of 
the  condition  of  the  surface  of  the  country  previous  to  the  drift  age. 

N.    H.    \V. 
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Heavy. RAINS  and  possible  volcanic  action  in  Nicaragua. — Rain 
lias  fallen  in  western  Nicaragua  for  one  to  three  hours  each  day»  dur- 
ing the  past  eighty  days ;  most  frequently  they  have  been  torrental  rains, 
ilooding  the  streets  in  the  cities  of  Granada  and  Managua  eight  to  ten 
inches  deep  and  rushing  in  rapid  currents  into  the  lakes  Nicaragua  and 
Managua. 

The  result  is  that  the  water  in  these  lakes  is  now  for  this  season 
of  the  year  several  feet  higher  than  remembered  by  reliable  citizens  to 
have  been  since  the  high  water  in  1859-61. 

Because  of  the  unusually  large  rainfall  thus  far,  this  year,  it  is 
quite  probable  that  next  December  and  January  [usual  high-water 
months  annually  in  the  lakes  above  named]  the  water  in  lakes  Nicara- 
gua and  Managua,  will  be  more  than  two  feet  higher  than  the  remem- 
bered by  reliable  natives,  high-water  years  1859-61^  when  they  were 
about  ten  feet  higher  [so  reliable  people  have  declared  to  me]  than 
when  measured  by  the  engineer  corps  of  the  Isthmean  Canal  Commis- 
sion 1898-99-1900. 

There  appears  to  be  a  periodic  time  of  about  forty  y^rs  of  un- 
usually high  water — far  above  the  usual  bight.  I  am  endeavoring  to  as- 
certain if  there  are  not  records,  in  the  archives  of  the  old  Roman 
Catholic  churches,  some  of  them  established  in  Nicaragua  before  A.  D. 
1600,  of  unusually  high-water  in  these  lakes — but  it  will  probably  take 
months  of  search  among  the  confused  mass  of  papers  in  each  churrth 
before  ascertaining  whether  such  records  exist. 

What  effect  the  pressure  of  this  unknown  stage  of  water  will  have 
in.  say  next  October,  November  and  December,  on  the  semi-slumbering 
to  apparently  nearly  extinict  volcanoes  in  and  near  them,  is  looked  for- 
ward to  by  me  with  much  interest,  because,  from  more  than  fifteen 
years  of  observations  and  studies  of  volcanic  masses  in  the  tropical 
Americas.  I  have  formed  the  opinion  that  the  varying  pressure  of  wa- 
ter in  and  above  the  numerous  fissures  is  most  frequently  the  cause  of 
volcanic  activity.  The  fissures  referred  to  are  observable  for  hundreds 
of  feet  from  the  base  of  the  volcano  when  the  water  surrounding  it.  ^r 
adjacent  to  it,  is  at  a  low  stage,  or  traceable  for  miles  in  the  earth  near 
its  surface  when  the  volcano  is  not  surrounded  by,  nor  adjacent  to.  a 
large  volume  of  water.  These  fi^^surcs  are  the  escape,  or  safety  valves. 
of  apparently  slumbering  volcanoes,  permitting  high  tension  gases  to 
escape  as  they  near  an  exploding  condition,  except  when  the  pressure 
of  water  in  the  lakes  and  hays  surrounding  or  in  part  surrounding  the 
volcanic  mass  becomes  so  great  as  to  repress  them.  These  gases  are 
under  pressure  from  the  superheated  magma  formed  miles  down  be- 
neath the  earth's  surface.  J.  Crawford.    . 

Managua,  Nicaragua.  August  31st,  1901. 

Second    edition    of    the    Geological    maty    of    West    Virginia. — The 
new  geological   map  of  West   Virginia   first   published   under   date  of 
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January  loth,  1899,  by  the  West  Virginia  Geological  Survey,  has  recent- 
ly been  revised,  new  features  added  and  republished  under  date  of 
August  1st,  1901. 

The  map  shows  in  separate  colors  the  three  great  coal  formations 
of  West  Virginia,  viz. :  the  New  River  of  Pocahontas,  the  lowest,  the 
Allegheny-Kanawha  series  in  the  middle,  and  the  Monongahela  or 
Pittsburg  (G>nnellsville)  at  the  top.  Two  features  not  shown  on  the 
original  map  have  been  added  in  this  edition,  viz. :  the  prominent 
anticlinal  lines,  and  the  locations  and  names  of  every  coal  mine  in  the 
state  shipping  coal  by  rail  or  river,  up  to  July  15th,  1901,  the  ap- 
proximate locations  of  the  mines  being  indicated  by  numbered  black 
dots,  and  the  corresponding  names  and  numbers  printed  on  the  mar- 
gin of  the  map  by  counties. 

The  State  Geological  Commission  has  placed  this  map  on  sale  at 
the  office  of  the  survey  at  the  price  of  50  cents  per  copy  from  which 
there  is  no  discount. 

The  map  shows  the  coal,  oil  and  gas  developments  of  the  state  at  a 
glance,  and  should  prove  of  much  use  to  every  one  interested  in  these 
subjects,  even  though  the  topographic  base  of  the  map  is  unavoidably 
very  inaccurate,  and  must  remain  so  until  the  topographic  map  now 
being  constructed  by  the  cooperation  of  the  State  and  United  States 
Geological  sufvey  shall  have  been  completed  five  to  six  years  hence. 

Those  who  desire  it  should  fill  out  the  accompanying  blank  and  en- 
close it  with  50  cents  to  the  office  of  the  West  Virginia  Geological  Sur- 
vey, Box  448,  Morgantown,  W.  Va. 

I.  C.  White. 

September  20th,   1501.  State  Geologist. 

New  York  Academy  of  Soences.  The  first  meeting  of  the  Sec- 
tion of  Geology  and  Mineralogy  of  the  New  York  Academy  of  Sci- 
ences was  held  on  October  21.  In  calling  the  meeting  to  order  the 
chairman  spoke  of  the  loss  to  the  Academy  and  to  science  occasioned 
by  the  death  of  Dr.  T.  G.  White,  secretary  of  the  Section,  and  of 
professor  Joseph  LeConte,  corresponding  member  of  the  Academy.  A 
committee  consisting  of  professors  J.  J.  Stevenson  and  J.  F.  Kemp, 
was  appointed  to  draw  up  suitable  minutes  in  reference  to  Dr. 
White  and  professor  LeConte. 

Dr.  E.  O.  Hovey,  of  the  American  Museum  of  Natural  History, 
was  then  elected  secretary  of  the  Section. 

'1  he  following  program  was  then  offered : 

A.  W.  Grabau  spoke  on  Recent  Contributions  to  the  Problem  of 
Niagara.  He  said  that  Davis  has  .^hown  that  the  topography  of  the 
Niagara  region  conforms  to  the  type  generally  found  in  ancient  coastal 
plains,  the  original  features  of  which  have  been  more  or  less  modified 
by  subsequent  warpings.  and  by  glacial  erosion  and  deposition. 

The  Niagara  escarpment  is  the  inface  of  the  Niagara  cuesta,  trace- 
able through  the  Indian  peninsula  and  Grand  Manitoulin  island.  The 
Ontario  lowland  is  continued  in  the  Georgian  Bay  lowland.  A  second 
cuesta — the  Onondaga — has  its  inface  slightly  developed  north  of  Buf- 
falo, but  becomes  prominent  in  the  Lake  Huron  valley,  where  its  in- 
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n«T  lowland  form"*  the  dcrp<*r  part  ■*!  :hc  lake     The  ihird   rit^:^  izd 
lowland    Mhe  En<*;   occurs  north  of  the  second. 

Thf  Trrtiary  drainage  is  supposed  to  have  been  :o  the  >--uthwf^ 
insK-ad  of  the  northeast  as  Spencer  hoids.  The  principal  nrcams  t 
that  time  arc  Mipposed  to  have  l>een.  <  i/  the  Sai^naw — who>»e  path  .2 
indicated  in  part  by  Saginaw  bay  and  the  t\itc^  channel  lietwecn  ±c  In- 
<iian  pi-ninsiila  and  Grand  \fanitotilin  island,  •  2)  the  Emniia*.  breach- 
inflf  the  Niagara  rnesia  at  Hamdton.  Ont..  and  crossinjj  the  Erie  low- 
land near  Fort  Stanley,  and  <3;  for  a  time,  at  least,  the  ^Sencsa, 
though  this  may  later  have  had  a  northward  cotir^e.  The  vobsequent 
streams  tributary  to  these  consequents,  car-'cd  the  varrous  lowiand? 
St.  iJavid's  channel  is  regarded  as  an  obsequent  streain.  which  ins 
accident ly  discovered  by  the  Niagara.  The  whiripool  gorgre  wa«  prcb- 
ably,  in  part,  the  southward  continuation  of  this  stream,  and  not  wholly 
(>OHtglacial. 

Professor  J.  F.  Kemp's  fir'^t  pao^rr  was  on  the  Scar  Asbestos  Re- 
ilion  in  Sorthern  Vermont.  He  said  that  a5bestos  has  recently  opened 
up  on  a  commercial  scale  in  the  towns  of  Edeiv  Lamoille  Co..  and 
I-iiwc*ll,  Orleans  Co..  V't.  The  towns  are  adjacent,  al though  in  dif- 
fer<*nt  co'imties.  The  asbestos  lies  from  dftecn  to  twenty-6vc  miles 
north  of  Hyde  Park,  a  station  on  the  St.  Johnsbury  and  Lake  Cham- 
plain  R.  R.  As  is  quite  invariably  the  case,  it  occurs  in  serpentine^ 
either  in  v«Mns.  or  in  matted  aggregates  along  slickensided  blocks.  The 
serpentine  where  the  best  fibre  is  found  lies  on  the  south  shoulder  of 
Belvedere  mountain,  and  forms  an  oast  and  west  belt.  It  is  bounded 
on  the  north  and  west  by  hornblende-schist,  which  forms  the  summit 
of  the  mriimtain.  The  contact  on  the  west  is  a  visibly  faulted  one. 
an<l  that  on  the  north  is  probably  also  of  the  same  s<~»rt.  because  the 
hornhlrndi*  Nchist  r:ses  in  a  steep  escarpment. 

TIk*  -.frpentine  -ieems  to  have  been  derived  from  enstatite.  -ince  an- 
altcrcfl  ntuifi  of  this  mineral  are  found  in  it.  The  vein  asbestos  ranges 
frr»m  a  fibn*  of  microscopic  length  up  to  H  ^^  an  inch  as  thus  far  ex- 
poscfi.  ft  is  fine  and  silky  and  of  excellent  grade.  It  woul<l,  hi>wevcr. 
I)f  clas^rd  as  -ccond  afrade  according  to  the  Canadian  practice,  which 
makes  a  tir^t  grade,  of  tibre  above  -Vi  of  an  inch  (about  2' >  inches 
hfing  the  ma.ximum).  and  a  second  grade  of  ^  in.  to  -Vi  in.  All  bc- 
li.w  tl]i>.  and  all  tibre  not  vein  fibre  goes  to  the  mill  and  is  mechanically 
M-panitrfl.  a-^  the  third  grade.  In  ihi  Vermont  localities  the  slip  nbre 
•.^  «*x[M  -rri  on  the  property  of  the  New  luigland  Co.,  and  of  its  neigh- 
'.«'•.  '!i«*  Amencnn  Ci*.  The  vein  fibre  is  limited  so  far  as  yet  'Tpened 
•:n  '■     'In*  pr"p«*r*y  -.f  Mr.   M,   E.  Tjcker  and  associates. 

:•  •  -!'m«'iit  viih  rh«*  data  in  l-and.  which  were  gaiher^l  under 
-'r.r  ::-•:■♦.  n  r  T.'r  C.  \\  Kayos,  rf  the  U.  S.  Geoloi^cai  Sur-.ey.  to 
^»"  I.;«:«:ii  !ii'r.>ry  of  rhe  -crpentine,  but  it  must  have  \^*^n 
••rr.cr  in  :^T^t•f)tl^  pyroxenyte,  i>r  a  richly  magne^ian  -ilioci.u- 
■•:v.f^;.  fu-  Ww-r--  .tr.-  iiich  flight  traces  of  calcium-beannjj  m:neral> 
''«'\.'-.  •:■  '\v.\\  '!■»*  forr.iiT  -uppo'-ition  has  the  greater  we!jfht.  The 
'.'.  rni.".(r:<i«*-M'hi>r  con.^i-t..  .jf  common  green  hornblende  ami  .-,f  .m  un- 
usual ami-'int  of  Mtanite.  there  being  little  else  than  the-^o  two   present. 
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Professor  Kemp  also  gave  a  paper  on  the  Physiography  of  Lake 
George.  The  observations  extending  over  several  years  have  suggested 
the  following  conclusions.  Lake  George  occupies  a  submerged  valley 
very  similar  to  many  others  in  the  Adirondacks,  which  are  not  sub- 
merged. The  valley  has  been  largely  produced  by  faulting,  and  the 
fault-scarps  still  remain  in  precipitous  cliffs,  whose  sharpness  has  not 
been  much  affected  by  the  weathering  and  erosion.  Before  the  Pleis- 
tocene, the  valley  was  probably  a  low  pass  with  both  a  north  and  a 
south  discharge.  The  portion  rich  in  islands  near  Pearl  point,  and  the 
Hundred  Island  house,  was  probably  the  divide,  and  the  islands  rep- 
resent the  old  hillocks  near  the  top  of  the  divide.  At  the  south  the 
water  is  backed  up  by  sands  and  rhorainal  matter  in  the  valleys  on 
each  side  of  French  mountain,  viz.  at  the  head  of  Kattskill  bay,  and 
at  Caldwell.  On  the  north  they  are  held  in  by  Champlain  clays  and 
syenitic  gneiss  at  the  Ticondcroga  outlet,  and  probably  by  morainal 
material  at  the  low  pass  just  south  of  Rogers  rock  and  leading  out  to 
the  very  depressed  Trout  brook  valley,  just  west  of  Rogers  rock  and 
Cook  mountains.  Trout  brook  is  now  as  much  as  a  hundred  feet 
lower  than  lake  George  at  points  south  of  the  Ticonderoga  barrier. 
The  northern  barrier  is  rock  because  the  Ticonderoga  river  passes 
through  a  narrow  and  shallow  channel  in  the  exposed  ledges  a  mile 
south  of  its  actual  first  waterfall.  There  is  a  broad  flat  valley  buried 
in  clays,  however,  beneath  which  an  old  channel  may  lie  submerged. 
At  the  same  time,  the  marked  depth  of  the  Trout  brook  valley  to  the 
west  makes  this  the  natural  outlet  and  there  is  reason  to  believe  from 
the  general  topography  that  the  discharge  passed  north  into  the  Cham- 
plain  valley  near  the  south  boundary  of  Crown  Point.  It  is  also  not 
to  be  overlooked  that  a  valley  with  much  drift  leads  eastward  to  lake 
Champlain,  from  the  head  of  Mason's  bay. 

A  curious  feature  that  is  common  to  both  shores  of  the  lake  north 
of  Sabbath  Day  point  (and  perhaps  also  south  of  it),  is  the  presence 
of  pot  holes  of  great  perfection  and  as  high  at  times  as  thirty  feet 
above  the  present  level  of  the  lake.  These  are  best  developed  on 
Indian  Kettles  point,  about  two  miles  north  of  Hague.  They  are 
doubtless  excavated  by  lateral  or  subglacial  streams  when  the  ice  filled 
the  lake  valley,  because  in  no  other  conceivable  way  could  flowing 
water  be  forced  into  such  unnatural  situations. 

There  is  great  need  of  a  good  hydrographic  survey  of  the  lake,  and 
of  detailed  pilot  charts,  with  soundings.  They  would  be  of  great  serv- 
ice, not  alone  to  navigators,  hut  to  science  as  well.  So  far  as  could  be 
learned  from  local  fishermen,  whose  deep  trolling  for  lake  trout  gives 
them  familiarity  with  the  bottom,  there  appear  to  be  channels  whose 
general  trend  is  parallel  with  the  long  dimension  ofthe  lake,  and  which 
have  precipitous  sides,  precisely  like  the  valleys  and  gulches  now  vis- 
ible. The  lake  is  relatively  shallow  as  compared  with  lake  Champlain. 
In  lake  George,  the  greatest  depth  is  believed  to  be  near  "Anthony's 
Nose,"  and  to  reach  IQO  feet.  Elsewhere  the  deep  parts  are  placed  at 
about  100  feet  more  or  less.     All  this,  however,  requires  confirmation 
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by  soundings;  and  with  regard  to  the  physiography  one  cannot  say  to 
what  extent  the  bottom  of  the  valley  has  been  filled  by  drift,  but  the 
islands  to  which  physiographic  importance  has  been  given  by  the 
speaker  are  rock.  Richard   E.   Dodge, 

Secretary  pro  teni. 


PERSONAL  AND  SCIENTIFIC  NEVi^S. 


Prof.  W.  O.  Crosby  of  the  Institute  of  Technolog>', 
Boston,  spent  the  summer  in  Arizona  in  the  examination  of 
certain  mines. 

Professor  J.  B.  Hatcher,  in  camp  near  Canyon  City,  Col- 
orado, has  discovered  the  remains  of  another  fossil  animal  in 
the  famous  bone  beds  of  that  section. 

Professor  W.  B.  Scott,  of  Princeton  University,  is  still 
in  South  America  working  on  the  Patagonian  reports.  When 
last  heard  from  he  was  at  Buenos  Ayres,  examining  specimens 
in  the  Museum  of  that  place. — Science. 

George  B.  Simpson  who  has  been  connected  with  the 
New  York  state  department  of  Daleontolog\'  since  1868  and 
thousands  of  whose  beautiful  drawings  of  paleozoic  fossils 
have  been  reproduced  in  the  publications  of  that  department, 
(lied  Oct.  15,  at  Albany. 

MovKMF.xTS  IN  THE  RocKiES.  "The  mountains  are  con- 
stantly moving/'  was  the  remark  of  an  officer  of  the  Denver 
&  Rio  (jrande  R^jad  recently  in  speaking  of  the  great  land- 
slides in  the  canyon  alx)vc  Glen  wood  Springs,  Colo.  ''We 
find  from  actual  exi)erience  in  maintaining  tunnels,  bridges 
and  tracks  in  the  mountains  that  the  mountains  are  moving. 
It  costs  a  railway  passing  through  the  mountains  a  great 
deal  of  money  in  the  course  of  ten  years  to  keep  the  tracks  in 
lime,  and  maintenance  of  tunnels  is  even  more  expensive. 
Drive  a  stake  on  the  side  of  a  mountain,  take  the  location 
with  the  greatest  care,  and  return  after  a  few  months.  The 
stake  is  not  in  the  same  location.  The  whole  side  of  the 
mountain  has  moved.  This  exi>eriment  has  often  l^een  tried 
and  in  all  cases  the  result  proves  that  the  mountains  are  mov- 
ing. The  mountains  are  gradually  seeking  the  level  of  the 
sea. 

While  we  do  not  agree  with  the  last  assertion  that  **the 
mountains  are  seeking  sea  level,"  there  appears  no  question 
but  that  local  movements  are  in  progress  in  the  Rockies  and 
the  observation  of  the  railroad  survcvor  is  confirmed  bv 
those  experienced  in  some  of  the  manes.  In  quite  a  number 
of  mines  located  on  fissure  veins  or  l>etween  highly  tilted 
strata,  or  in  \\\e  \\cm\V\'   oi  ^veat  faults,  movements   have 
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been  for  a  long  time  observed,  and  sometimes  of  so  pro- 
nounced a  nature  that  timbers  after  a  few  years  are  found 
so  out  of  place  as  to  require  a  ccnnplete  new  timbering  of 
portions  of  a  mine,  and  these  movements  do  not  seem  to  be 
the  result  as  in  coal  mines  of  a  creeping  from  excavation  of 
material,  but  actual  slipping  or  faulting  movements  of  the 
mountain  itself  along  certain  lines,  especially  old  fault  planes 
and  veins,  the  latter  generally  occupying  fissures  along  fault 
lines. 

A  notable  instance  is  in  the  mines  of  Smuggler  mountain, 
at  Aspen,  Colo.,  where  in  some  of  the  deep  workings,  timbers 
two  feet  thick  and  eight  to  ten  feet  long  placed  across  the 
stopes  are  snapped  in  two  like  reeds  and  their  ends  broomed 
up  by  the  overwhelming  pressure  and  slipping  movements 
of  the  walls.  The  ore  bodies  lie  between  strata  almost  ver- 
tically uptilted  against  a  granite  moimtain  or  wall,  and 
abound  in  faults  and  slipping  planes.  These  movements  are 
not  the  result  of  excavation  of  the  ore,  but  appear  to  come 
from  a  general  movement  of  the  hills  slipping  or  faulting  OiT 
from  the  granite  wajl. — Mines  ami  Minerals,  of  Scranton, 
Pa.,  for  September,  iQOi. 

Field  Colimhian  Museum  Sixteenth  Free  Lecturi^ 
Course,  Autumn,  1901.  A  course  of  nine  lectures  upon 
Sdience  and  Travel  has  been  arranged  by  the  Museum  for 
Saturday  afternoons  in  ()ctol>er  and  Noveml^er  at  the  usual 
hcur,  3  o'clock.  All  of  these  lectures  will  be  illustrated  by 
stereopticon  views.  The  lecftures  are  given  in  the  Museum 
Lecture  Hall.  Entrance  doors  will  be  closed  at  ten  minutes 
past  3  o*c'lock.  Admission  free.  Subjects,  dates  and  lectures: 
Oct.  5,  Tlie  Megalithic  Monuments  of  Brittany,  Dr.  George 
A.  Dorsey,  Curator,  Department  of  Anthropology,  Field 
Columbian  Museum:  Oct.  12,  Through  the  Arizona  Canon 
and  Yosemite  to  the  Glaciers  of  Alaska.  Dr.  Edward  Burton 
McDowell,  Chicago:  Oct.  19,  The  Houses  and  Family  Life 
cif  the  Natives  of  Sarawak,  P>orneo,  Dr.  Alfred  Cort  Haddon, 
F.  R,  S,  F.  Z.  S.,  University  of  Cambridge,  England;  Orr. 
26,  The  Ceremonial  and  Secular  Dances  of  the  Papuans,  Dr. 
Alfred  Cort  Haddon,  F.  R.  S.,  F.  Z.  S.,  University  of  Cam- 
bridge, England ;  Nov.  2.  Economic  Geology,  Particularly  of 
Michigan,  in  its  Relation  to  the  Business  World,  Prof.  Al- 
fred C.  Lane,  State  Geologist,  Michigan:  Nov.  9,  Color  in 
Nature,  Prof.  William  H.  Dudley.  Platteville,  Wisconsin: 
Nov.  16.  Mexico,  Dr.  S.  E.  Meek,  Assistant  Curator,  Depart- 
ment of  Zoclogv,  V\d(\  Columbian  Museum :  Nov.  23,  Re- 
cent Dinosaur  Discoveries.  Mr.  Elmer  S.  Riggs,  Assistant 
Curator  of  Paleontology.  Field  Columbian  Museum:  No/. 
30,  Crystals,  Prof.  O.  C.  Farrington,  Department  of  Geology, 
Field  Columbian  Museum. 


i 
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Another  Kansas  Meteorite.  Still  another  meteorite  has 
recently  been  added  to  the  list  of  finds  and  falls  for  which 
Kansas  is  becomiing  celebrated.  The  last  reported  find  is  from 
Admire,  Lyon  county;  a  stony  iron  of  the  type  referred  by 
Brezina  to  the  Rokicky  group.  The  only  other  representa- 
tive of  this  group  yet  found  in  America,  is  that  of  Eagle  Sta- 
tion, Carroll  county,  Kentucky. 

The  date  of  the  fall  of  the  Lyon  county  specimen  is  un- 
known, but  its  badly  oxidized  condition  indicates  that  it  has 
been  lying  in  the  ground  for  many  years. 

Some  twelve  kilograms  of  the  material  has  thus  far  come 
into  the  possession  of  the  National  Museum  at  Washington, 
but  the  entire  amount  of  the  fall  cannot  be  accuratelv  as- 
certained.     It  will  be  known  as  the  Admire  meteorite. 

Difficulties  of  Deep  Coal  Mining.  In  an  article 
recently  read  before  the  North  Staffordshire  Institute 
of  Mining  and  Mechanical  Engineers  (England),  by 
Mr.  Percy  Turner  upon  the  subject  of  "Coal  Mining  at 
Depths  Exceeding  3,000  Feet/*  he  discusses  the  subject  un- 
der the  following  heads:  1st,  Increase  in  Temperature ;  2d,  In- 
crease in  Pressure;  3d,  Winding  Difficulties;  4th,  Increased 
Expenditure.  His  conclusions  arc  as  follows:  "The  depth, 
then,  to  which  coal  mines  may  extend  depends  upon  human  en- 
durance of  high  temperatures,  upon  the  possibility  of  reducing 
the  humidity  and  temperature  of  the  air,  and  upon  the  liability 
to  gob  fires.  The  ix)ssible  working  of  very  thick  seams  (from 
15  to  30  feet)  appears  to  be  less  than  seams  up  to  se\'^en  feet  in 
thickness.  Owing  to  the  impracticability  of  crrmpletely  pack- 
ing horizontal  thick  seams,  and  the  consequent  necessity  of  sut>- 
porting  the  roof  with  timber,  and  of  finally  allowing  it  to 
break  dc^vn,  instead  of  settling  as  it  would  if  the  goaf  wen* 
packed,  the  effect  of  pressure  becomes  a  serious  matter.  In- 
deed at  2,000  feet  the  difficulties  are  considerable,  and  at  a 
depth  of  3,000  feet,  they  would  probably  be  such  is  to  rendL-r 
packing  impracticable. 

The  possible  depth  from  which  coals  can  be  worked  doos 
not  appear  to  be  limited  by  any  consideration  of  a  mechanical 
nature.  With  regard  to  drainage,  it  has  been  proved  in  most 
Cornish  mines  that  the  volume  of  w^ter  does  not  increase  be- 
yond a  certain  point,  with  increased  depth.  The  comparatively 
shallow  depths  intercept  most  of  the  water,  leaving  only  a  fixed 
quantity  to  deal  with  in  the  sump.  In  the  coal  fields,  water  i<^ 
rarely  if  ever,  met  with  at  great  depths. 

The  limit  of  depth  taken  by  Prof.  E.  Hull,  in  i860,  and  bv 
the  Roval  Coal  Commission,  in  1870,  was  4,000  feet.  Prof.  W. 
(jalloway,  however,  savs  "it  is  probable  that  a  depth  of  at  least 
8,000  feet  will  be  attained,  even  in  those  localities  in  which  th^^ 
rate  of  increase  is  as  much  as  i  degree  Fahr.  in  60  feet.'' 
— Mines  and  Minerals. 
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RALPH   DUPUY  LACOE. 

By  Rby.  HORA.CB  Bdwin  Haydbn,  M.  A., . 
CorresponditiK  Secretary,  Wyoming  Hist.-Geol.  Society,  Wilkesbarre,  Pa. 

PORTRAIT. 

Mr.  Ralph Dupuy  Lacoe/who  died  at  his  residence  in  Pitts- 
ton,  Penn.,  February  5th,  1901,  was  one  of  the  few  scientists  in 
America  who  have  attained  distinction  in  his  special  department 
of  paleontology.  Indeed  in  this  line  of  study  the  number  of 
persons  capable  of  filling  his  place  immediately  is  very  limited. 
Mr.  Lacoe  was  born  in  Luzerne  county,  Pa.,  November  14th,. 
1824.  He  was  the  youngest  son  of  Mr.  Anthony  Desire  Lacoe 
and  his  wife  Emilie  Magdalena  Dupuy.  His  father  came  to- 
I'hiladelphia  in  1792  from  his  home  in  Havre,  France,  under 
the  care  of  Francis  Gumev,  the  eminent  merchant  of  Philcdel- 
phia,  remaining  with  him  four  years  to  learn  his  business. 
Then  preferring  a  mechanical  training  he  bound  himself  to- 
learn  the  business  of  carpenter  and  builder.  The  yellow  fever, 
which  in  1798  carried  off  his  master's  family,  drove  Lacoe  to 
the  Wyoming  valley  where  he  practised  his  trade  with  success 
until  his  death  which  occurred  at  the  age  of  103  years.  The 
mother  cif  Ralph  Dupuy  Lacoe  was  the  daughter  of  an  intelli- 
gent and  well  educated  Huguenot  gentlemen,  Jean  Francois 
Dupuy,  who  left  his  home  in  France  to  live  in  the  island  of  St. 
Domingo,  a^nd  was  driven  from  there  by  the  insurrection  of 
1791,  locating  in  Wilkes  Barre.  Mr.  Dupuy  had  been  a  m.inof 
wealth  and  high  standing  in  his  West  India  home.  Charles 
Miner,  the  historian,  says  of  him:  **J^an  Francis  Dupuy,  a 
French  gentlemen  from  St.  Domingo,  exiled  from  thence  by 
the  success  of  the  blacks,  a  very  estimable  and  intelligent  man,. 
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who  from  having  been  a  wealthy  planter,  was  reduced  for  a 
time  to  rely  on  personal  labour ;  in  the  Masonic  Lodg^e  he  for- 
got his  misfortunes,  and  there,  and  nowhere  else  that  I  ever 
saw,  assumed  the  proper  station  of  an  intelligent  French  gen- 
tleman, instructing  and  entertaining  us  by  his  philosopincal 
views,  occasionally  peculiar,  as  well  as  by  the  numerous  facts 
the  state  of  the  country  he  had  lived  in  enabled  him  to  give." 

Mr.  Ralph  D.  Lacoe  had  few  advantages  of  education  in  his 
early  youth,  his  mother  supplying  that  which  the  countr\' 
schools  did  not  give,  and  with  such  success  that  before  he  was 
of  age  he  taught  school  for  a  term  or  more  in  his  neighborhood, 
having  among  his  pupils  the  young  girl  who  subsequently  be- 
came his  wife.  About  1850  he  and  his  brothers  went  to  Nichol- 
son, Luzerne  Co.,  where  his  grandfather,  Jean  Dupuy's  land 
was  located ;  he  invested  in  coal  lands  near  Pittston,  and  when 
coal  enterprises  began  to  develop  he  engaged  in  the  real  estate 
business  near  Pittston,  laying  the  foundation  for  his  wealth  of 
land  and  other  property.  In  1850,  when  the  Pittston  bank  was 
established,  he  became  cashier,  and  in  1865,  w-hen  the  bank 
was  made  a  National  P>ank,  he  was  elected  vice-president.  He 
was  also  president  of  the  Wyoming  Valley  Knitting  company 
in  1874,  ])rcsi(lcnt  of  the  Water  Street  l)ri(lge  company,  trus- 
tee of  the  Miners'  Savings  bank  of  Pittston,  &c.,  &c. 

When  about  18^)5  his  health  became  somewhat  impaired 
Mr.  Lacoe  retired  from  the  activities  of  business  and  turned  his 
attention  to  the  study  of  geology,  especially  in  connection  with 
coal  mining,  and  began  to  accumulate  what  became  one  of 
the  largest  collections  of  the  fossil  j)lants  ever  known.  This 
collection  was  naturally  divided  into  three  departments — the 
Coal  Flora,  Fossil  Insects  of  the  carboniferous  lx?ds,  and  Fo^sils 
of  the  Paleozoic  limestone  beds. 

This  s])ecial  study  brought  him  reputation  that  has  placed 
his  name  in  the  Valhalla  of  science  with  that  of  Lesquereux, 
Dawsc-n  and  Cope.  As  his  collections  grew  in  magnitude  and 
value  the  question  naturally  forced  itself  upon  him  as  to  their 
ultimate  disposition.  The  pecuniary  value  of  his  work  doubt- 
less never  entered  his  mind.  He  visited  many  public  museums 
and  institutions  w^here  such  collections  were  preserved,  but  was 
pained  with  the  want  of  attention  and  care  given  to  them  and 
hesitated  to  place  the  results  of  his  research,  and  his  outlay  of 


Ralph  Dupuy  Lacoe. — Hayden.  337 

money  and  study  where  they  might  some  day  be  relegated  to 
the  shades  and  be  forgotten. 

Wisely,  he  determined  to  give  his  immense  collection  to  the 
United  States  National  Museum  at  Washington  where  it 
would  do  the  greatest  good  to  the  greatest  number.  Permit 
me  to  quote  the  account  of  this  unsurpassed  collection  published 
in  the  aainual  report  of  the  National  Museum :  In  the  report  of 
1892.  Mr.  Lester  F.  Ward,  honorary  curator  of  this  depart- 
ment, speaks  thus : 

*'No  gift  of  greater  importance  to  the  department  of  fossil  plants 
has  ever  been  made  than  that  by  Mr.  R.  D.  Lacoe,  of  Pittston,  Pa., 
under  the  terms  of  which  this  great  collection  of  fossil  plants  is  tv.  be 
permanently  deposited  in  the  National  Museum.  The  value  of  this  col- 
lection, one  of  world-wide  reputation,  is  far  greater  than  that  of  the 
entire  amount  of  the  collections  in  the  department  prior  to  the  date  of 
its  gift.  The  task  of  procuring  fossil  plants  from  the  older  formations 
for  use  in  palcontological  and  biological  research  has  been  prosecuted 
for  nearly  twenty  years  by  its  donor  whose  liberal  means  and  scientific 
and  practical  mining  knowledge,  as  well  as  his  favorable  location  in  the 
heart  of  the  northern  arthracite  coal  field  have  enabled  him  to  bring 
together  an  invaluable  body  of  material,  of  which  professor  Lesqueieux 
remarked  in  one  of  his  last  publications,  1886:** 

"  *Mr.  R.  D.  Lacoe,  of  Pittstoiv  has  procured,  from  almost  all  the 
localities  where  coal  is  worked  in  the  United  States,  an  immense 
amount  of  specimens  far  beyond  any  seen  even  in  the  largest  museums 
of  Europe.* " 

"Since  the  above  quotation  was  written  Mr.  Lacoe  has  continued 
his  work,  having  several  collectors  in  his  employ  in  the  various  states 
and  the  Acadia  provinces,  a  portion  of  the  material  collected  having 
been  examined  by  professor  Lesquereux.  Besides  gathering  this  materi- 
al in  the  field  he  has  also  purchased  a  number  of  private  collections, 
containing  may  type  specimens,  so  that  it  is  perhaps  safe  to  say  that 
nearly  one-half  of  the  types  of  the  American  Carboniferous  flora  now  lie 
within  the  Lacoe  collection.  In  fact,  there  are  few  outstanding  Amer- 
ican types  except  those  resting  in  several  state  geological  museums. 

"But  even  the  deficiency  in  the  balance  of  originals  has  largely 
been  compensated  for  by  the  collection  of  duplicates  from  the  type  lo- 
calities, and  these,  like  all  other  collections  made  prior  to  1889,  were  ex- 
amined and  labelled  by  the  original  author  of  nine-tenths  of  the  P.-Jeo- 
zoic  .species  described  from  the  United  States,  Leo  Lesquereux. 

"How  prominent  a  part  this  material  has  taken  in  both  the  bio- 
logical and  economic  applications  may  be  recognized  at  a  glance  in  the 
three  volumes  of  the  'Coal  Flora,'  report  P,  Pennsylvania  Geological 
Survey,  1878-1884. 

"It  will  at  once  be  seen  that  the  occasion  of  this  invaluable  wealth 
of  material  will  necessarily  make  this  institution,  as  a  repository  of  the 
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types  of  authentic  species  of  nearly  all  the  American  Paleozoic  species, 
the  reference  centre  for  all  the  extensive  work  on  the  Paleozoic  flora  in 
this  country  in  future,  as  well  as  the  custodian  of  valuable  geological 
correlation  data.  But  the  proper  installation  in  this  museum  of  so  great 
a  collection,  numbering  about  100,000  specimens,  is  a  matter  invoicing 
much  embarrassment  in  the  way  of  space  and  study  faciKties,  it  being 
agreed  in  the  terms  of  the  gift  that  this  collection,  to  be  kept  entire  and 
known  as  the  'Lacoe  Collection,'  shall,  together  with  all  the  future  ad- 
ditions, either  by  exchange  or  gift  of  the  donor,  be  kept  in  order  and 
made  accessible  to  scientists  and  students,  without  distinction,  under 
such  proper  rules  and  restrictions  as  may  be  necessary  for  the  preser- 
vation from  loss  or  injury  of  the  specimens. 

"The  area  required  for  the  type  specimens,  making  no  allowance  for 
increase,  amounts  to  over  1,000  drawers  the  size  in  ordinary  use  in  the 
museum.  The  exhibition  material  will  occupy  about  2,100  square  feet 
*  *  *  *  This  rich  possession  affords  just  ground  for  national  scien- 
tific pride,  while  the  liberal  public  spirit  with  which  it  was  given  is 
worthy  of  imitation  by  all  patrons  of  science."    (Report  of  1892,  iJ^i.) 

In  1896  professor  G.  Browne  Goode,  assistant  secretary  of 
the  Smithsonian  Institution,  said  of  Mr.  Lacoe's  gift : 

"The  transfer  of  the  magnificent  Lacoe  collection  from  Pittston, 
Pa.,  the  residence  of  the  donor,  to  Washington  was  completed  during 
the  present  year.  It  was  included  in  315  boxes.  *  *  *  It  is  not  too 
much  to  say  that  the  National  Museum  has  never  received  a  gift  of 
greater  scientific  value  or  importarite  than  that  acquired  through  the 
gcnerosiXy  of  Mr.  Lacoe."     (p.  7;^.) 

The  number  of  original  Paleozoic  plant  types  in  the  museum 
prior  to  the  reception  of  this  gift  was  102,  the  number  in  Mr. 
Lacoe's  collection  575,  the  number  of  specimens  100,000.  Mr. 
Lacoe  continued  until  his  death  to  enrich  this  spelndid  collection. 
In  1898  he  presented  to  the  National  Museum  an  exten.sive 
collection  of  fossil  insects,  of  more  than  200  types  and  nearly 
5000  specimens.  He  also  added  over  100  invertebrate  fossils, 
over  400  vertebrate  fossils,  and  132  fossil  plants.  Of  the  main 
collection,  804  fossil  plants  from  the  Dakota  group  were  de- 
scribed with  plates  by  Prof.  Lesquereux  in  Monograph  X\'II 
of  the  U.  S.  Geological  Survey.  Among  the  fossil  plants, 
Lesquereux  named  in  honor  of  Mr.  Lacoe  eight  types,  /.  c, 
Phyllitcs  lacoei,  Magnolia  lacoccana,  Crataegus  lacoei,Jngland" 
itcs  lacoei,  Caulopteris  laeoei,  Cordaites  laeoei,  Lepidostrcbus 
lacoei,  and  Stemmatopteris  lacoei.  Mr.  David  White  has  also 
named  two  types  after  Mr.  Lacoe,  Sphenopteris  lacoei,  and 
Alaethopteris  lacoei.  In  his  latest  MSS.,  yet  unpublished,  Mr. 
White  names  a  new  genus,  Lacoea. 
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Mr.  Lacoe  preferred  to  be  student  rather  than  a  writer,  but 
he  has  left  the  seal  of  his  authority  as  an  expert  in  his  special 
department.  Prof.  J.  P.  Lesley,  state  geologist  of  Pennsyl-. 
vania,  in  his  geological  report  of  Wyoming,  Lackawanna  and 
Luzerne  counties,  Vol.  G7,  Pennsylvania  Survey,  gives  him  full 
credit  and  the  highest  praise  for  his  assisstance  to  the  survey. 
In  referring  to  the  '*Buried  Valley  of  Wyoming"  he  says:  "I 
am  indebted  for  most  of  the  records  of  drilling  by  the  various 
mining  companies  to  Mr.  R.  D.  Lacoe  of  Pittston,  who  has  done 
so  much  through  his  magnificent  collections  to  advance  our 
knowledge  of  the  coal  flora  of  Pennsylvania  and  other  states." 

Prof.  Scudder,  in  his  valuable  work  on  American  Fossil 
Cockroaches,  1895,  says:  "When  in  1879  ^  published  my  Pal- 
eozoic Cockroaches,  in  which  a  revision  of  the  species  of  the 
whole  world  was  attempted,  I  had  seen  but  nineteen  specimens 
from  North  America  belonging  to  seventeen  species  and  seven 
genera.  To-day  more  than  three  hundred  American  specimens 
have  passed  under  my  eye,  besides  fifty  from  the  Triassi'c 
rocks  and  a  very  few  from  the  Tertiary  series,  and  from  the 
Paleozoic  series  alone  there  are  here  recognized  one  hundred 
and  thirty-two  species  belonging  to  fourteen  genera.  This  re- 
cent extension  of  our  knowledge  of  our  Paleozoic  cockroaches 
is  ver>'  largely  due  to  the  exploitations  of  two  localities — one 
in  West  Virginia,  through  the  instrumentality  of  Mr.  R.  D.  La- 
coe of  Pittston,  Pa.,  the  other  in  Ohio,  through  the  labours  of 
Mr.  Samuel  Huston  of  Steubenville,  the  West  Virginia  collec- 
tion numbering  56  species  and  5  genera."  Prof.  Scudder  also 
describes  18  specimens  of  as  many  species  in  Mr.  Lacoe's  col- 
lection found  bv  him  in  the  Boston  mine  near  Pittston.  One 
of  these  was  named  in  honor  of  Mr.  Lacoe,  ''Ncymylacris 
lacoeana." 

Mr.  Lacoe  was  a  Fellow  of  the  American  Association  for  the 
Advancement  of  Science,  elected  to  membership  August,  1882, 
and  made  a  Fellow  of  the  American  Geological  Society  Decem- 
ber, 1889.  It  was  thought  that  he  was  also  a  member  of  the 
Geological  Society  of  London. 

In  1882  Mr.  Lacoe  became  a  member  of  the  Wyoming  His- 
torical and  Geological  Society  located  at  Wilkes  Barre  within 
ten  miles  of  his  home.  His  interest  immediately  manifested 
itself  in  a  practical  way  by  adding  to  its  geological  collections. 
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He  became  a  trustee  of  the  society  in  1882  and  continued  one 
until  1889.  ^^  W3^  ^^so  curator  of  paleontology  in  the  societ}- 
from  1884  to  1899,  ^^^  fifteen  years,  when  he  was  succeeded, 
at  his  own  request,  by  Prof.  Joshua  L.  Welter,  the  pres- 
ent curator.  He  became  a  life  member  February  8th,  1889. 
In  1898  he  presented  the  society  the  three  large  case?  of 
drawers  of  one  hundred  each  which  now  contain  the  coal  Mora 
of  the  society,  had  them  moved  and  placed  in  position,  added 
largely  to  the  specimens  now  forming  the  collection,  and  person- 
ally arranged  them  in  the  drawers.  Of  these  specimens  many 
have  been  identified  by  Prof.  Lesquereux,  whom  Mr.  Lacoe 
brought  to  the  rooms  fcr  the  purpose  when  he  was  visiting 
him  in  Pittston. 

Of  this  collection  Mr.  Lacoe  stated  in  his  report  as  curi:tor 
in  1886:  "Many  of  the  genera  are  well  represented  in  typical 
series,  some  of  which  are  very  fully  illustrated  by  large  and 
fine  specimens.  A  moderate  outlay  of  money  and  well  directed 
eflForts  on  the  part  of  members  and  friends  of  the  society  would 
in  a  short  time  add  greatly  to  the  value  and  usefulness  of  your 
collection,  which  already  ccmpares  favorably  with  the  best  in 
in  the  country."     (Proceedings,  \'ol.  II,  160.) 

Mr.  Lacoe  also  largely  aided  in  fomiing  a  mcxlel  case  in  the 
geological  room  of  the  society,  illustrating  the  *'crust  of  the 
earth,"  showing  its  geological  strata  from  the  Archean  to 
the  Cenozoic  age,  a  i)ractical  exemplification  of  the  geological 
ejxxhs  for  the  use  of  tlie  public  schools  of  his  section.  He 
did  not  sj)are  his  own  collection  of  fossils  to  enrich  this  model. 
In  1899  he  presented  this  society  with  a  fine  collection  of  Pal- 
eozoic invertebrates  numbering  over  1,200  species  and  c^  500 
specimens.  This  collection  I  had  the  great  pleasure  of  packing, 
removing,  and  arranging,  with  the  curator  of  paleontology,  in 
the  cabinet  made  for  it,  and  marked,  ''Lacoe  Collection  of  Fos- 
sils." A  catalogue  of  these  l-^ossils  was  published  in  the  "Pro- 
ceedings and  Collections  &c."  of  the  society,  1900,  Vol.  \',  pp. 
177-204.  It  was  also  printed  in  a  separate  pamphlet  entiUed, 
**Re|x>rt  of  the  Curator  of  Paleontology  on  the  Lacoe  Collection 
of  Fossils,  8vo.,  pp.  28,  1900." 

Mr.  Lacoe  was  married  in  Pittston  by  the  Rev.  N.  G.  Parke, 
D.  D.,  April  26,  i860,  to  Miss  P)ridget  Clar>',  who  died 
October  31,  1872.    He  had  four  children — Josephine,  who  died 
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early ;  Margaret  Cljir)',  now  Mrs.  I.  S.  White,  of  Rock  Island, 
Illinois ;  Ralph  Diigue,  of  West  Pittston,  and  William  Clary, 
who  died  young. 

Mr.  Lacoe  was  a  devout  Christian,  baptized  by  Rt.  Rev. 
Wm.  B.  Stevens,  LL.  D.,  1866,  ootifirmed  by  him  in  St. 
James*  church,  Pittston,  and  for  many  years  a  member  of  the 
vestry.  He  was  also,  in  1883,  one  of  the  organizers,  and  for 
years  junior  warden  and  treasurer  of  Trinity  church,  West 
Pittston.  He  was  a  loyal  and  generous  churchman,  liberal  in 
his  gifts,  and  faithful  to  the  dear  mother  by  whose  beautiful 
ritual  he  was  laid  to  rest.  Mr.  Lacoe  was  also  a  generous  pro- 
moter of  the  Pittston  Library,  and  in  many  ways,  known  only 
to  the  few,  he  delighted  to  aid  and  assist  worthy  objects  in  his 
town,  and  worthy  young  men  to  better  things  and  nobler  lives. 

Mr.  David  White,  honorary  curator  of  Paleozoic  plants 
(Lacoe  Collection),  L'.  S.  National  Museimi,  and  an  intimate 
personal  friend  of  Mr.  Lacoe,  writes  thus  enthusiastically  of 
Mr.  Lacoe*s  relations  to  science. 

"By  the  death  of  Mr.  Lacoe  science  and  scientists  have  lest  a 
worthy  and  devoted  friend  of  rare  quality  and  strength  of  character. 
Mr.  Lacoe's  position  in  the  scientific  world  was  somewhat  unusual.  He 
was  an  authority  on  the  geology  of  the  northern  anthracite  coal  l^eld ; 
his  extensive  knowledge  in  the  domains  of  fossil  plants  and  fossil  in- 
sects was  recognized  on  both  sides  of  the  Atlantic ;  his  experience  and 
observations  were  well  supplemented  by  reading,  and  his  opinions, 
"vhether  concerning  the  structure  and  correlation  of  the  Wyoming  Valley 
coals  or  touching  the  problems  of  systematic  paleontology,  were  often 
sought  and  always  highly  valued  by  specialists  in  paleozoology  and 
paleobotany.  Yet  he  never  published  more  than  one  short  article;  he 
never  described  a  single  genus  or  species.  So  modest  and  unassuming 
was  he,  so  small  an  estimate  had  he  of  his  own  ability  and  attain- 
ments, and  so  wholly  wanting  was  he  in  the  love  of  the  notoriety  of 
authorship,  that  he  transferred  to  others  for  description  and  publica- 
tion the  new  genera  and  species  which  he,  while  posing  as  a  layman, 
was  an  expert  in  detecting.  Always  desiring  that  the  fossils  in  his 
collection  should  Ik*  systematically  labelled  at  the  hands  of  the  highest 
American  authorities  on  the  subject,  he  was  accustomed,  even  to  the 
last,  to  submit  his  specimens  to  others  for  study  and  determination. 
Even  among  the  numerous  representatives  of  the  commonest  and  most 
easily  recognized  species,  there  are  in  his  great  collection  comparatively 
few  specimens  whose  labels  show  himself  to  have  been  the  authority 
for  their  determination,  although  in  the  latest  years  of  his  studies  of 
fossil  plants  he  was  himself  fully  competent,  as  far  as  knowledge  and 
experience  are  concerned,  to  have  determined,  described  and  published 
the  greater  part  of  his  paleohotanical  materia\. 
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To  the  sciaitific  world  in  general,  beyond  the  circle  of  his  personal 
friends  and  acquaintances,  Lacoe  was  widely  known  as  a  promoter  or 
patron  of  science;  and  it  was  in  thjs  capacity  that  he  did  his  greatest 
and  best  work.  The  occasional  collecting  of  fossils,  begun  as  an  out- 
of-door  recreation  beneficial  to  his  failing  health,  quickly  developed 
a  profound  and  enthusiastic  interest  in  th  plant-life  of  earlier  geological 
time  and  the  remarkable  discoveries  resulting  from  paleontological  re- 
search. At  first  he  made  extensive  collections  of  coal  plants  from  the 
Wyoming  Valley  coal  field.  Realizing  at  an  early  date  the  very  great 
handicap  to  the  progress  of  paleontology  resulting  from  the  enormous 
labor  and  expense  of  exhuming,  intelligently  collecting  and  bringing 
the  raw  fossil  material  to  the  hand  of  the  paleontologist,  he  chose,  for 
his  part  and  service,  to  promote  the  advancement  of  science  by  gather- 
ing the  materials  for  and  facilitating  the  work  of  the  paleontologist. 
Accordingly,  he  l)egan  systematically  to  procure,  through  the  aid  of 
collectors,  by  purchase,  exchange,  or  with  his  own  hands,  collections 
to  show  the  plant  life  in  various  geological  epochs,  but  chiefly  Paleo- 
zoic, in  different  countries  and  continents,  as  well  as  from  the  coal 
fields  of  this  country.  Becoming  interested  in  the  occasional  remains 
of  insects,  which,  very  rare  at  best,  are  seldom  discovered  except  in 
their  natural  association  with  fossil  plants,  Lacoe  also  entered  upon  the 
systematic  collection  of  fossil  insects  and  Crustacea  as  well.*' 

"Lacoc's  aid  to  science  did  not  end  with  collecting  the  fossils  and 
placing  them  in  the  hands  of  the  appropriate  specialists.  Whenever  a 
paleontologist  was  so  situated  as  to  be  dependent  on  his  daily  lalx>r  for 
his  livelihood,  Lacoe  made  it  possible  for  him  to  carry  on  his  researches 
in  the  material  placed  in  his  hands.  In  many  additional  cases  the  ex- 
pense of  preparing  suitable  drawings,  so  essential  in  paleontoh^gical 
publications,  was  also  borne  by  him.  It  deserves  to  be  added,  to  the 
dissfnice  of  a  State  great  in  many  respects,  that  in  order  that  the  inval- 
uable data  of  the  Lacoe  collections  relating  to  the  geographical  and 
stratigraphical  distribution  of  the  species  might  be  included  and  made 
available  in  the  Pennsylvania  state  geological  report  on  the  Coal  Flora; 
that  the  stratigraphic  and  correlative  values  of  the  species  mighr  be 
ascertained  and  the  described  species  made  satisfactorily  recognizable 
by  means  of  adequate  illustration,  Lacoe  largely  bore  the  expenses  of 
the  paleontological  study  of  the  collections  and  guaranteed  the  compen- 
sation for  a  part  of  the  illustrations.  He  was  further  the  benefactor  of 
the  State  through  the  presentation  of  extensive  series  of  specitnens  *o  its 
geological  museuuL  He  was  also  bearing  the  expense  of  the  pileon- 
tological  study  and  of  the  preparation  of  manuscript  and  illustrations  of 
the  materials  to  form  a  supplementary  volume  of  the  Coal  Flora  to  be 
published  by  the  State,  when  the  failing  health  and  death  of  Prof. 
Lesauereux  left  the  work  incomplete.  Before  the  resumption  and  com- 
pletion of  the  work  the  state  survey  was  alx)lished." 

Single  handed  and  with  but  slight  aid  among  his  friends,  Lacoe 
quietly  did  for  science  a  work  of  a  kind  that  is  rarely  prosecuted  ex- 
cept by  the  wealthier  universities,  endowed  scientific  societies,  or  special 
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scientific  institutions.  His  extreme  modesty  regarding  the  importance 
and  value  of  his  collections,  and  the  patriotism  shown  in  the  disposition 
of  the  results  of  so  great  personal  labor  and  care,  are  a  moral  object 
lesson  to  wealthy  patrons  of  science. 

**The  greatest  and  most  enduring  monument  to  Lacoe's  devotic  n  to 
and  work  for  science  is  the  Lacoe  collection.  Carefully  guarded  against 
danger  or  deterioration,  it  will  be  increased  in  numbers  from  time  to 
time  by  exchanges  or  additional  gifts.  Visitors  to  the  paleontolc.gical 
halls  of  the  Nation's  Museum  may  see  an  exhibit  comprising  a  small 
portion  of  the  more  imperishable  and  attractive  specimens  of  'The  La- 
coe Collections,'  the  greater  number  studied  and  identified  by  the  fore- 
most paleontologists  of  the  time.  Its  types,  from  the  hands  of  Lesque- 
reux.  Dawson,  Scudder  and  Cope,  will  be  consulted  and  re-examined  by 
the  savants  of  paleontology  for  centuries  to  come.  Students  of  life  dis- 
tribution, climate  and  of  evolution  will  review  its  suites  of  specimens, 
and  their  records  will  supplement  the  records  of  the  great  paleontolo- 
gists of  the  past  who  have  participated  in  its  original  elaboration.  These 
records  are  in  the  paleontological  literature  of  every  land;  and  nhile 
there  shall  remain  a  literature  or  a  human  interest  in  paleontology,  the 
name  and  scientific  service  of  R.  D.  Lacoe  will  be  perpetuated.  The 
collection  tells  its  own  history;  it  tells  of  its  author's  intense  interest 
and  devotion,  and  of  his  great  personal  labors  and  aid  in  behalf  of 
paleontology  and  geology ;  by  the  notes  and  inscriptions,  the  patient 
and  loving  care  in  registration,  the  comments  and  remarks  it  tells  of 
its  relations  to  the  students,  of  congenial  scientific  discussions,  and  of 
warm  and  lasting  friendships  between  paleontologist  and  patron,  wtlded 
•on  the  fossil  anvil.  The  best,  the  most  lasting  scientific  memorial  of 
our  friend  and  fellow  is  the  great  Lacoe  collection." 

BlBLKX^RAPHV   OF   R.    D.    LACOE. 

"Fossil  Reptile  Tracks  from  the  Anthracite  Coal  Measures."  A 
letter  addressed  to  the  Wyoming  Historical  and  Geological  Society, 
by  Mr.  Lacoe,  March  29.  1881.  and  published  in  "Proceedings  of  the 
Society  for  the  year  ending  February  11,  1882.    pp.  6-8. 

List  of  Palaeozoic  Fossil  Insects  of  the  United  States  and  Caiiada, 
Alphabetically  Arranged.  Giving  Names  of  Authors,  Geological  Age, 
Locality  of  Occurrence,  and  Place  of  Preservation,  with  Reference  to 
the  Principal  Bibliography  of  the  subject.  A  Paper  Read  Before  the 
Wyoming  Historical  and  Geological  Society  April  6,  1883.  By  K.  D. 
Lacoe,  (Seal  of  the  Society.  Publication  No.  5,  8vo,  pp.  21,  Wilkes- 
l)arre.  Pa.     Printed  for  the  Society.     1883. 

Catalogue  of  the  Palaeozoic  Fossil  Plants  of  North  America,  Com- 
piled by  R.  D.  Lacoe.  8vo,  pp.  15.  Pittston,  Luzerne  County,  Pcnn. 
1884. 

Report  as  Curator  of  Pahneontology  to  the  Wyoming  Historical  and 
Geological  Society,  1886.  Printed  in  vol.  II.  Proceedings  of  the 
-Society.     1886.  pp.   160- r6i. 
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Lacoc  Collection  of  Palaeozoic  Fossils  in  the  Wyoming  Historical 
and  Geological  Society,  Wilkesbarre,  Pa.  Printed  from  his  carefully 
prepared  manuscript.     Proceedings  of  the  Society,     vol.  V.   1900.  pp. 

177-204. 

Reprint  of  same.     8vo,  pp.  iv  +  26,  1900. 


HE   LOESS  OF   IOWA  CITY   AND  VICINITY.* 

By  B.  Shimbk,  Iowa  City,  Iowa. 

The  loess  of  Iowa  City  presents  no  unique  features.  It  is  of 
the  type  which  prevails  in  the  eastern  part  of  the  state,  being 
fine  and  homogeneous ;  found  chiefly  on  highlands,  especially  in 
its  undisturbed  condition,  and  following  their  vertical  contours^ 
thus  varying  but  little  in  thickness  which  seldom  exceeds 
twelve  or  fifteen  feet ;  containing  both  tubules  and  loess-kind- 
chen  in  the  usual  varying  proportions ;  and  more  or  less  fossil- 
ifcrous.  It  has  been  quite  fully  discussed  by  McGeef.  Lists  of 
the  fossils  which  are  found  about  Iowa  City  have  already  been 
published,^  and  it  is  not  the  i)urpose  of  this  paper  to  offer 
much  that  is  new  in  this  direction,  but  rather  to  present  a  de- 
tailed account  of  the  habits  of  the  local  modern  molluscs,  and 
their  bearing  on  the  loess. 

In  probably  no  other  locality  in  the  country  have  these  mod- 
ern and  loess  faunas  been  studied  side  by  side  more  fully  than 
at  Iowa  City.  Besides  the  early  work  of  Witter,  and  that  of 
Keyes  (chiefly  upon  State  University  Museum  specimens  col- 
lected and  identified  by  the  writer),  the  efforts  of  Pilsbry  and 
Bayard  Elliott  were  especially  noteworthy,  though  the  former 
published  but  little,  while  the  latter  made  no  permanent  record 
of  his  observations,  but  submitted  a  part  of  his  collection  to 
the  present  author,  who  has  been  engaged  in  loess  and  mollusc 
studies  with  more  or  less  interruption  for  many  years,  and  has 
gathered  together  great  numbers  of  both  fossil  and  modem 
forms  which  bear  on  this  question. 

The  lists  representing  these  faunas  are  therefore  more  com- 
I)lete  than  is  possible  where  resident  observers  are  not  engaged 
in  the  investigation  of  both  branches  of  the  subject,  and  this 

•Excerpt  from  the  Bulletin  of  the  Laboratories  of  Natural  Historj'.  State 
Univcisity  of  Iowa,  vol.  v;  No.  2,  pp.  195-216. 

tr/.  S.  Geol.  Sur.,  vol.  xi,  pt.  i,  1891. 

tW.  J.  McGkh.  /.  c:  C.  L.  Wkbstkr.  Am.  Xnt  ,  May;  1887.  p.  419;  B. 
SniMEK.  Am.  Ocol..  vol.  i.  pp.  149-152,  1S8JS;  Hull.  Lab.  Nat.  Hist.,  State 
LTniv.  la.,  vol.  i,  pp.  200-209,  1890;  etc. 


Loess  of  Iowa  City — Shimek,  345 

fact,  coupled  with  the  comparative  richness  of  both  faunas, 
makes  a  comparison  of  them  especially  interesting  and  sug- 
gestive. Since  all  of  the  fossils  which  have  been  found  at 
Iowa  City  are  molluscs,  and  belong  with  few  exceptions  to  the 
local  modem  molluscan  fauna,  a  study  of  the  habits  of  the  liv- 
ing species  is  of  the  highest  importance  because  of  the  light 
which  is  thus  thrown  upon  the  conditions  which  existed  during 
the  deposition  of  the  loess.  The  species  included  in  this  list 
are  therefore  grouped  according  to  habit  in  order  that  com- 
parisons and  conclusions  may  be  facilitated.  All  notes  on  dis- 
tribution, etc.  of  both  modern  and  fossil  shells  in  the  following 
list  have  reference  to  the  vicinity  of  Iowa  City  only,  unless 
otherwise  specifically  stated.  ** Western  loess*'  means  that  of 
western  Iowa  and  eastern  Nebraska.  The  material  was  abund- 
antlv  collected  and  studied  'in  the  field  by  the  author,  and  is 
now'  in  his  private  collection. 

The  names  of  the  local  fossil  (loess)  species  are  preceded 
bv  two  asterisks.  Those  which  have  been  found  fossil  in  the 
loess  in  other  localities,  but  not  at  Iowa  City  though  now  found 
living  here,  are  marked  by  one  asterisk.  The  latter  series  does 
not  however  include  all  the  species  of  the  modem  fauna  of 
Iowa  City  which  were  reported  in  the  earlier  Missouri  and 
Nebraska  lists  of  loess  fossils,  as  no  specimens  are  extant  and 
the  species  are  not  now  known  to  occur  in  undoubted  loess. 
The  species  living  near  Iowa  City  but  not  represented  in  the 
loess  are  unmarked.  The  territory  covered  by  this  report  is 
included  within  a  radius  of  six  miles  from  Iowa  City. 

RECENT  AND  FOSSIL  :\TOLLUSCS  AT  IOWA  CITY. 

I.       SpFXIES   here   FOrXD  ONLY   AS   FOSSILS. 
**PVRAMini;LA  SIIIMEKII    (PUs.)   SJlilll. 

Quite  common  in  the  loess  of  Iowa  City,  which  furnished 
the  type  specimens.  A  more  complete  discussion  of  this  species 
is  given  on  pp.  139-145  of  this  Bulletin. 

**PvRAMIDrr.A   STRI(X)SA   lOWEXSIS  PUs. 

This  variety  is  now  extinct.  All  other  forms  of  this  ex- 
tremely variable  sj>ecies  however  l)elong  to  the  dry  western 
plateaus  and  mountains.  It  is  locally  quite  common  in  the 
loess,  and  the  type  specimens  were  from  this  locality. 

**PUPA   MUSCORUM    (L.) . 
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Now  living  in  the  U.  S.  from  Maine  to  Montana,  thence 
to  Nevada.    Also  in  Europe.    Not  rare  in  the  loess. 

**Pi:PA  BLANDi  (Morse)  Binn, 

Two  specimens  were  recently  found  in  the  loess  neax  Iowa 
City.  It  is  not  rare  in  the  western  loess,  and  is  found  living 
from  New  Mexico  to  Montana.  The  shells  usually  formerly 
reported  under  this  name  are  BiHdaria  pentodon\?).  The 
easternmost  localities  from  which  fossils  have  been  received 
are  Muscatine  and  Stockton  in  Muscatine  county,  Iowa.  They 
were  erroneously  reported  as  P.  vntscoruin* 

**V.\\AA}Si\  r.RACiLicosTA  Rcxuh. 

Quite  common  in  the  loess.  It  is  common  in  western  and 
northwestern  Iowa,  and  thence  westward,  where  it  lives  in 
high,  dr}-  situations.  Its  easternmost  known  station  in  Iowa  is 
in  Winnebago  county. 

**SlCClNKA   GROSVENORII    LcQ.    {?) 

A  form  referable  to  this  species  is  quite  common  in  the 
local  loess.  The  species  now  lives  abundantly  in  the  South, 
and  in  Nebraska  and  western  Iowa,  and  is  uniformlv  found 
(so  far  as  the  writer's  experience  shows)  in  situations  which 
are  exposed  to  severe  drouth  during  at  least  a  portion  of  each 
year. 

The  Succincas  of  this  group,  both  recent  and  fossil,  re- 
quire further  elaboration. 

It  is  interesting  to  note  that  the  foregoing  species,  now 
extinct  at  Iowa  City,  all  belong  to  the  modern  terrestrial  fauna 
of  the  dry  west,  from  Montana  to  New  Mexico,  and  that  only 
two  species  extend  eastward  as  far  as  Iowa. 

2.       TkRRESTRIAL  SPhXIKS,   NOW   LIVING  AT  loWA  CiTV. 

a.     Species  of  higher,  more  or  less  exposed,  and  often 
rocky  slopes.. 
"^A'alloma  parvula  Stcrki. 

Common    on    exposed    rocky    slopes,    hence    occurring    in 
scattered  colonies.     Rare  in  the  loess  of  western  Iowa. 
*Lki'cociieila  fallax  {Say)  Try. 


•Through  the  writer's  error  they  were  reported  in  Prof.  Uddkn's.  note  on 
Hershcy  Ave.  fossils  in  Leverett's  Report  in  U.S.Geo!.  Sur..  vol.  xxxviii,  p.  174, 
1899.  In  that  list  P.  fe/anc// should  be  substituted  for  P.  mMscorum  Also  in 
Udden's  Report,  la.  Geol.  Sur.,  vol.  ix.  p.  359.  1899.  where  the  same  snbntitn- 
tion  should  be  made  in  the  Pulton  township  (Stockton)  list.  P.  muscoram 
■does  however  occur  at  Muscatine. 
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Locally  common  on  higher  exposed  slopes,  chiefly  under 
fragments  of  limestone.     Rare  in  the  loess  of  western  Iowa 
and  eastern  Nebraska. 
**BiFiDARiA  ARMiFERA  (Say)  StcrkL 

Ver>'  common.  Most  frequent  on  more  or  less  exposed 
slopes  under  limestone,  among  roots  of  grasses,  etc.  Some- 
times also  in  deeper  shade,  and  occasionally  on  lower  grounds,, 
under  logs,  etc.  Rare  in  the  loess  at  Iowa  City,  but  very  com- 
mon in  the  western  loess  at  Coimcil  Bluffs,  Iowa. 

♦BiFlDARIA    HOLZINGERI    (Stcrki), 

Quite   common   under   stones,   etc.    on   exposed   hillsides. 
Rather  rare  in  western  loess. 
**BiFiDARiA  PENTODON  (Say)  Stcrki, 

Quite  common  on  rather  open  rocky  slopes,  sometimes  on 
lower  grounds,  under  stones,  etc.  As  a  fossil  this  species  is. 
widely  distributed,  and  in  this  locality  is  very  common. 

*BlFIDARIA    CURVIDENS     (GM.)     StCvku 

Not  uncommon.     It  is  rare  in  the  loess  of  the  wpst  and 
south,  but  has  not  been  found  fossil  at  Iowa  Citv. 
*BiFiDARiA  CORTICARIA  (Say)  Stcrki, 

Common  in  a  few  restricted  localities  amotig  the  roots  of 
tufted  grasses,  etc.  growing  on  exjxjsed  rocky  slopes.  Not 
found  in  the  local  loess,  but  reported  from  Des  Moines  by 
Keves,  from  Muscatine  bv  Witter  and  from  Illinois  bv  Lev- 
erett.  It  is  not  rare  in  the  loess  of  Natchez,  Miss. 
*PoLYGYRA  LEAi  (Ward)  Pils. 

Found  here  under  sticks,  etc.  on  slopes  near  a  prairie 
swamp.  Also  more  rarely  on  scantily  wooded  slopes.  Rare 
in  the  loess  of  the  west.  etc. 

*Sl'CCINEA   AVARA  Sa\K 

Not  rare  on  more  or  less  exposed  rocky  slopes.  This  is 
the  small,  typical  fonn  which  is  now  found  on  low  grounds. 
The  same  form  occurs  abundantly  as  a  fossil,  being  one  of  the 
most  characteristic  species  of  the  loess.  It  occurs  in  all  the 
fossiliferous  exposures  near  Iowa  City,  lx?ing  the  only  fossil 
found  in  some  of  them. 

**VlTREA  INDENTATA    (Say)    PUs. 

Not  rare  on  rocky  slopes.  This,  and  the  following  species,, 
also  occur  on  lower  grounds,  but  lx>th  are  more  common  on 
drier  slopes.     Rare  in  the  loess. 
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**Z0NITOinES  MTN'LSCLLUS  (Biritt.)  Pils. 

Common  under  stones,  etc.  on  higher  slopes,  and  under 
sticks,  leaves,  etc.  on  lower  grounds.    Rare  in  the  loess. 

b.     Species  of  higher,  more  deeply  shaded  (often  mossy 
and  rocky)   banks  and  slopes,  sometimes  in  deep 
woods. 
**Helicin.\  occulta  Say, 

This  species,  though  a  prosobranch,  is  strictly  terrestrial 
in  its  habits.  It  is  found  living  in  but  one  locality,  a  steep, 
rocky  northern  slope  near  Turkey  creek,  six  miles  north  of 
Iowa  City,  the  locality  in  which  it  was  first  discovered  by  the 
writer  about  twenty-two  years  ago.  It  is  quite  abundant  in 
this  very  restricted  locality,  being  found  under  stones  and 
fallen  leaves.  It  is  very  common  in  the  loess,  and  is  found  in 
nearly  all  the  exposures.  The  body-whorl  of  the  fossil  shell 
sometimes  still  contains  the  operculum. 

The  writer  recently  found  this  species   (living)   common 
on  th^  rocky  slopes  along  Pine  Hollow  creek  in   Dubuque 
county,  and  Little  Turkev  river  and  its  small  tributaries  in 
Clayton  county,  Iowa  localities  not  hitherto  reported. 
**I*olv(;yra  profunda  (Say)  Pils. 

Common    under    sticks,    stones,    leaves,    etc.    on    highi  r 
shaded  slopes.     It  is  found  in  but  one  loess-exposure  in  this 
vicinity,  but  is  very  conmion  in  the  loess  of  X^atchez,  Miss. 
'^•PoTA'u.VRA  CLAUSA  (Say)  Pils. 

Widely  distributed  in  deej^er  woods  near  Iowa  City,  but 
nowhere  common.     As  a  fossil  it  is  rare,  occurring  occasion- 
ally in  more  southerly  loess.     None  have  been  found  at  Iowa 
City. 
*PoLYGVRA  iiiRSUTA  (Say)  Pils. 

Locally  quite  widely  distributed  in  deei>er  woods,  though 
never  gregarious.     Fossil   shells  are   found  sparingly  in   the 
western  loess  at  Council  IMuffs,  Iowa. 
*PoLVGVRA  MONODox  (Rack.)  Pils. 

This  species  is  very  similar  to  the  preceding  in  its  habits, 
and  in  the  distribution  of  both  the  recent  and  fossil  forms, 
both,  however,  being  rather  more  abinidant.  Neither  has  been 
found  fossil  at  Iowa  City,  though  their  discovery  would  not  be 
surprising.  Common  in  the  loess  at  Natchez,  Miss.,  and  also 
fossil  in  Indiana. 


Loess  of  loiva  City — Shimek.  349 

♦StROBILOPS  VIRGO  (PUs.) , 

Locally  common  on  rocky,  shaded  slopes.  It  is  occasion- 
ally found  fossil  in  the  western  loess.  This  has  ordinarily 
been  reported  as  Strohila  labyrinthica  Say. 

Vertigo  milium  (Gld.)  Binn. 

Not  common,  on  mossy  banks  and  slopes.    Not  found  fos- 
sil.   Its  minute  size  might  easily  dause  it  to  be  overlooked. 
**Vertigo  ovata  Saw 

Rare,  on  mossy,  shaded  banks,  sometimes  on  lower  grounds. 
Somewhat  more  common  as  a  fossil,  occurring  sparingly  in 
several  of  the  exposures. 
♦Vertigo  bollesiana  (Morse.) 

Rare,  en  mossy  banks,  usually  in  shady  places.     It  is  rare 
in  the  western  loess. 
♦Vertigo  tridentata  Wolf. 

Locally  common,  usually  on  rather  exposed  rocky,  moss- 
covered  banks.    Found  sparingly  in  the  western  loess. 

**C0CHLIC0PA  LUBRICA    (Mi'tll.). 

Rare  on  rather  open  slopes,  etc.     It  is  more  common  as 
a  fossil,  but  is  one  of  the  rarer  species  of  the  local  loess. 
♦CiRCiXARiA  CONCAVA  (Say)  PUs. 

Widely  distributed  on  shaded,  especially  rocky,  slopes,  but 
not  gregarious.    It  is  not  found  in  the  local  loess,  but  is  quite 
common  southward.     It    is    one    of    the    common  fossils    at 
Natchez,  Miss. 
**CoNULUS  FULVus  (Drap.)  Mill!. 

Not  uncommon  on  shaded  slopes  in  moss,  and  under  sticks:, 
leaves,  etc.  Fossil  shells  are  not  rare,  and  as  a  rule  are  better 
developed  than  the  modern  specimens. 

♦ZoNiToiDES  ARBOREUS  (Say)  Sterki. 

Very  common,  usually  under  logs  in  high  or  low  places, 
and  not  uncommonly  in  comparatively  open  woods.  It  can 
not  yet  be  reported  from  the  local  loess,  but  has  been  found 
by  Prof.  Savage  in  the  loess  of  Henry  coointy,  Iowa,  and  it  is 
not  rare  in  the  western  loess. 

**Pyramidula  alterxata  (Say)  PUs. 

Locally  common,  usually  on  higher,  deeply-shaded  slopes 
under  logs,  stones,  leaves,  etc.  Not  common  in  the  loess  at 
Iowa  Citv. 


\ 
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**Pyramidula  perspectiva  (Say)  Pils. 

Common  on  shaded  banks,  etc.  under  decaying  logs.     This 
species  is  not  generally  distributed  in  the  loess,  though  it  is 
very  common  at  Natchez.  Miss.    At  Iowa  City  it  occurs  rather 
abundantly  in  but  one  exposure. 
**Helicodiscus  lineatus  (Say)  Morse, 

Scattered  specimens  are  not  infrequent.    They  are  usually 
found  in  deeper  shade  under  sticks  and  logs.     Fossil  shells 
are  quite  rare. 
♦PuNCTUM  pygmaeum  (Drop.)  Binn, 

This  minute  shell  is  easily  overlooked,  but  is  quite  com- 
mon under  sticks  and  fallen  bark  on  northerly  shaded  slc^s, 
and  among  clumps  of  hazel,  etc.  on  lower  grounds.  The  au- 
thor collected  fossil  shells  in  the  loess  of  Natchez,  Miss.,  but 
none  have  yet  been  found  in  the  northern  loess. 
**Sphvradium  edentulum  alticola  (Inger.)  Pils. 

While  this  form  scarcely  deserves  rank  as  a  variety,  the 
name  is  here  retained  to  designate  the  common  loess  fossil 
which  is  identical  with  recent  shells  (commonly  known  under 
the  varietal  name)  which  are  now  found  in  Wyoming,  Col- 
orado, etc.  This  form  is  much  elevated,  and  has  a  distorted 
body-whorl,  which  destroys  the  symmetry  of  the  otherwise 
almost  perfectly  cylindrical  shell.  Typical  edentulum  is  ex- 
actly like  the  upper  part  of  the  shell  of  the  variety  and  is  a  less 
fully  developed  form.  An  occasional  shell  of  the  varietal  form 
is  found  eastward  with  the  type.  Speaking  of  the  recent  shells 
Dr.  Sterki  says  :*  **There  are,  among  the  coiTimon  form,  high 
specimens  with  narrower  penultimate  and  wider  last  whorl, 
found  everywhere  occasionally  in  this  country  as  well  as  in 
Europe;  and  thus  P.  alticola  Inger.f  is  not  even  a  true  var. 
here.'' 

However  in  the  Rocky  Mountain  region  the  variety  is  the 
common  form,  and  it  is  likewise  generally  distributed  through 
the  northern  loess,  belonging  to  the  category  of  the  most  com- 
mon and  most  characteristic  loess  fossils. 

Only  two  recent  specimens  have  thus  far  been  taken  at 
Iowa  City.  As  lK)th  are  rather  young  shells  it  is  impossible 
to  determine  whether  they  are  the  type  or  the  variety.     As  the 

•Nautilus,  vol.  vi,  pp.  6  and  7,  May,  1882. 

tFirKt  described  as  PupiJla  alticola  Ingersoll,  in  Bull.  U.  S.  Geol.  Sur.  o1  the 
Ter  ,  2.  p.  128,  1875. 
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distinction  between  them,  however,  is  not  worthy  of  main- 
tenance, they  are  here  grouped  together. 

c.     Terrestrial     species     of     lower,     shaded,     alluvial 
grounds,  under  sticks,  leaves,  etc. 
**PoLYGYRA  Mur^TiLNEATA  (Say)  PUs.  (Large  form). 

Two  forms  of  this  species  occur  here.  The  larger,  the 
more  common  form,  lives  on  wooded  alluvial  bottom-lands 
which  are  not  too  dry,  and  may  be  found  abundantly  creeping 
or  hiding  among  the  smaller  plants,  under  fallen  leaves,  etc. 
Four  fossil  specimens  only  were  found  in  one  of  the  expos- 
ures at  Iowa  City,  and  it  is  rare  in  the  loess  of  the  Missouri 
river  in  eastern  Nebraska.  The  smaller  form,  discussed  un- 
der (rf),  is  much  more  common  in  the  loess. 
♦BiFiDARiA  CONTRACTA  (Say)  Stcrki. 

Very  common  on  rather  low  grounds,  under  logs,  etc., 
sometimes  ascending  to  higher  slopes.  Absent  from  the  local 
loess  and  rare  westward.  It  is  more  common  in  the  southern 
loess. 

BiFIDARIA  TROCERA    (Gld.)    SfCtki. 

Only  one  local  specimen  was  collected  on  ra(thier  low 
ground.  Westward  this  species  is  quite  common  in  drier  sit- 
uations, under  sticks  and  leaves  in  clumps  of  bushes,  etc.  None 
have  yet  been  found  in  the  loess. 

**VlTREA    HAMMONIS    (Strom,)    PUs, 

This  name  is  used  for  the  species  commonly  known  as 
Zonitcs  viridulus  Mkc.  on  the  autliority  of  Pilsbry.  Binney 
refers  Helix  hammonis  Strom,  to  Zonites  fabricii  Beck, — a 
species  from  Greenland.*  Our  species  is  quite  common  under 
logs,  etc.  on  rather  low,  more  or  less  wooded,  grounds.  Rather 
rare  in  the  local  loess,  but  more  common  westward. 

**PVRAMIDU[.A  STRIATELLA    (Allth.)    Pils. 

Quite  common  on  scantily  timbered  alluvial  bottom-lands,, 
under  logs,  fallen  leaves,  etc.  Also  on  higher  slopes.  As  a 
fossil  it  is  very  common,  and  is  widely  distributed,  appearing 
almost  universally  in  our  northern  loess  deposits.  Fossil  eggs, 
agreeing  exactly  with  recent  eggs  of  this  species,  are  also  fre- 
quently found. 
**SucciNEA  OBLiQUA  Say. 

Very  common  under  leaves;  etc.  on  timbered  alluvial  bot- 

•W.  G.  BiNNBY,  Terr.  Air  Breath.  MoU.  U.  S.,  vol.  v,  p.  127,  1878. 
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tom-lands.    Westward  the  species  frequently  appears  on  higher 
grounds.    Quite  common  as  a  fossil. 
♦Carychium  exiguum  (Say)  Gld, 

This  species   is  common   in   damp  places  on   rather  low 
grounds,  under  logs,  etc.    No  local  fossil  specimens  have  been 
found,  but  the  species  is  rare  in  the  western  loess. 
*PoMATiopsis  LAPiDARiA   {Say)   Try. 

Locally  common  with  Pyramidula  striatella.  This  species, 
like  Helicina  occulta  is  a  gill-bearing  mollusc,  yet  it  is  strictly 
terrestrial  in  its  habits.  The  author  has  collected  living  speci- 
mens in  widely  separated  sections  of  the  State,  and  found  the 
habitat  uniformly  the  same.  Not  found  in  the  local  loess,  but 
reported  from  Memphis,  Tenn.,*   from  Missourif  and   from 

Arkansas.^ 

While  the  species  of  this  group  are  more  common  on  lower 
grounds,  most  of  them  occasionally  appear  on  higher  slopes. 
Thus  Polygyra  multilincata  (medium  sized),  Bifidaria  con- 
iracta,  Vitrca  hammonis,  Pyramidula  striatella  and  Succinea 
obliqua  are  very  common  on  a  rather  scantily  wooded,  rocky, 
steep  slope  in  Iowa  City  at  an  altitude  of  from  twenty-five  to 
seventy-five  feet  above  the  Iowa  river.  Most  of  these  species 
also  occur  sj)aringly  at  higher  altitudes  in  the  western  part  of 
the  State.  Bifidaria  contracta  is  so  common  in  such  situations 
in  all  parts  of  the  State,  that  it  might  well  be  classed  in  group 
{b). 

d.     Species  of  mud-flats,  edges  of  swamps,  etc. 
ZONITOIDKS  NiTiins  (Milii)  St. 

This  species  is  locally  not  uncommon  under  sticks  and 
leaves  in  low,  wet  places.     It  has  not  been  found  in  the  loess. 

**POLVGYRA    Ml'LTILINEATA    (Say)    PUs. 

The  smaller  form,  already  mentioned,  is  not  uncommon 
along  the  edges  of  a  prairie  swamp  near  Iowa  City.  It  is  al- 
most exactly  like  the  locally  more  conmion  fossil  form  of  this 
species.  This  small  fomi  is  also  common  in  other  portions  of 
the  State, — especially  westward. 
"•"SuccrNEA  RKTi'SA  Lca. 

This  species  is  now  common  on  mud,  etc.  among  plants  in 
swampy  places.     The  large  variety  magister  Pils.  is  the  com- 

!i^f.**V^-  -*^A''''"«J!^:  ^^ol.  Tenn.,  p.  434.  1869.     Reported  an  AmnicolM 
AmnfcJra  ''^'''^''  ^"'''  ""^  ^''"  ^''''-  *  ""*^  "'  P^^*'     ^Iso^porlid  a. 

JR.  E.  Call:  Rep.  Ark.  Geol.  Sur.,  vol.  H,  pp.  166,  167  and  179, 
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mon  form.  A  few  fagmentary  speciirtens  of  young  shells  from 
the  loess  of  Nebraska  are  in  the  writer's  possession.  They  are 
probably  young  shells  of  the  variety.  None  have  been  found 
at  Iowa  City. 

**SUCCINEA sp.  (?). 

A  rather  large  Succinea,  which  has  not  yet  been  satisfac- 
torily placed,  is  quite  common  on  bare  mud-flats  along  streams, 
and  also  occurs  in  the  local  loess.  In  some  respects  it  is  inter- 
mediate between  S,  avara  and  5.  obliqua,  sometimes  approach- 
ing the  smaller,  more  slender  forms  of  the  latter  spedies  quite 
closely. 

The  foregoing  species  are  wholly  terrestrial  in  habit,  and 
moreover,  with  few  exceptions  flourish  in  comparatively  dry 
situations.  While  all  require  a  certain  amount  of  mbisture 
when  active,  the  lower  surface  of  a  fallen  leaf,  a  stick,  or  a 
stone,  even  in  a  comparatively  exposed  place,  furnishes  all  that 
is  necessarv. 

The  following  summary  of  the  preceding  notes  is  of  inter- 
est: 

Species  found  at  Iowa  City  only  as  fossils 6 

Species  found  here  both  living  and  fossil 19 

Species  now  found  living  here,  but  occurring  as  fossils  in  the 

loess  of  other  localities 19 

Species  living  here,  but  not  yet  reported  from  the  loess 3 

Total 47 

These  shells  represent  more  than  90%  of  the  fossils  in  the 
loess,  and,  the  fossil  fauna  so  far  as  it  occurs,  is  very  similar 
to  the  living  surface  fauna.  The  latter  is  richer  in  species, 
but  this  difference  may  be  only  apparent.  A  dose  study  of 
the  local  living  fauna  shows  that  species  frequently  occur  in 
very  restricted  areas.  Different  parts  of  the  same  slope,  often 
but  a  few  feet  apart,  not  infrequently  show  much  variation  in 
the  distribution  of  species.  When  we  take  this  peculiarity 
of  distribution  of  land-shells  into  account  with  the  compara- 
tively very  small  total  area  of  all  the  loess  exposures  of  this 
vicinity,  we  can  readily  see  that  the  opportunities  for  finding 
the  recent  shells  are  much  better. 

While,  as  stated,  the  great  majority  of  the  local  loess  fos- 
sils belong  to  the  preceding  list  of  terrestrial  forms,  a  few  ad- 
ditional species  of  aquatic  habit  are  also  sparingly  found.     In 
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no  case,  however,  are  they  generally  distributed  in  the  loess, 
and  with  the  possible  exception  of  Limnaca  caperata  and  L. 
humilis,  very  few  individuals  are  found.  In  order  that  th«i 
coraparative  scantiness  of  the  fossil  aquatic  molluscan  fauna 
may  be  more  fully  appreciated  a  list  of  the  local  aquatic  species 
is  here  given.  Those  which  also  occur  in  the  local  loess  are 
marked  by  two  asterisks,  and  those  which  are  positively  known 
as  fossils  only  from  other  localities  are  marked  by  one  asterisk. 
2.    Aquatic  species  now  living  at  Iowa  City. 

a.     Species  of  smaller  ponds,  etc.,  which  often  become 
drv  in  summer. 

*LlMNAEA  REFLEXA  Say. 

Common  some  years  in  shallow  ponds.  Not  found  in  the 
loess  of  Iowa  and  Nebraska,  but  reported  from  Missouri  by 
Hambach.* 

**LlMNAEA  CAPERATA  Say. 

Locally  ver>'  common.  As  a  fossil  it  occurs  In  but  fev/ 
exposures,  and  in  these  is  usually  restricted  to  narrow  bands 
or  pockets,  in  which  it  is  quite  abundant. 

**LiMNAEA  humilis  Say. 

Very  common  in  shallow  ponds,  or  on  mud-flats.  As  a  fos- 
sil it  occurs  with  the  preceding  species,  and  is  even  inore  com- 
mon. 

**LlMNAEA  DESIDIOSA  Say    {?). 

Some  of  the  smaller  fossil  shells  of  Limnaca  may  belong 
to  this  species.  It  is  probably  found  in  the  loess  westward, 
though  in  some  cases  at  least  the  fossils  reported  under  this 
name  undoubtedly  belong  to  the  preceding  species.  Common 
in   shallow   ponds. 

**PnYSA  GYRiNA  Say. 

\>ry  Common  in  shallow  ponds.  Two  very  small  speci- 
mens, probably  this  species,  were  found  in  the  loess  at  Iowa 
City. 

PhVSA   IXTECIRA  Hald. 

Very  conmion  in  ponds,  etc.  Hitherto  reported  as  P. 
hcterostropha  Say.  In  a  very  large  series  of  shells  from 
Iowa  and  X^ebraska  not  one  specimen  of  the  latter  species 
was   found. 


*Gcot.  Sur.  of  Mo.,  Bull.  No.  1,  p.  82,  April,  1890. 
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Physa  sayi  Tap. 

Quite  commion  locally.   None  fossil. 
Planorbis  campanulatus  Say. 

Rare  locally  in  ponds.     None  fossil. 
♦Planorris  trivolvis  Say. 

Very  common    in   shallow   ponds.     Reported    from    Mis- 
souri, but,  if  occurring-  at  all,  certainly  not  common. 
*Planorbis  bfcarinatus  Say. 

Common    in    shallow   ponds.      One    fossil    specimen   was 
collected  by  Prof.  Beyer  at  Ames,  and  the  species  has  been 
reported  froiti  the  loess  of  Tennessee.* 
Planorbis  exacutls  Say. 

Lcdally  common   in   shallow   ponds. 
♦Planorbis  parvus  Say. 

\'ery  common  in  ponds,  etc.     Rare  in  the  western  loess. 
♦Planorbis  albus  Mucll. 

Quite  rare  in  rather  more  permanent  ponds.     Prof  Ud- 
den  collected  one  specimen  in  the  loess  of  Milan,  111. 
Planorbis  dilatatus  Gld.  (?). 

Locally  rather  frequent.     None  fossil. 
♦Segmentina  armigera  (Say)  H.  &  A.  Ad. 

Common  in  ponds.    Reported  from  the  loess  of  Missouri, 
but  not  known  as  a  fossil  in  Iowa  and  Nebraska. 
Ancylus  diapiianus  Hald. 

Common  on  sticks,  etc.  in  more  p>ermanent  ponds. 
♦Valvata   tricarinata    (Say). 

Quite  common.  It  also  occurs  in  deeper  ponds.  Prof. 
Uddcn  collected  it  in  the  loess  of  Milan,  111.,  and  it  is  re- 
ported from  Missouri.  It  is,  however,  ver\'  rare  as  a  fossil. 
PisiDiUM  coMPRESSi'M  Prime   (?). 

A  few  valves  of  this,  or  a  closely  related  species,  were 
found  in  the  local  loess.  The  species  is  now  common,  es- 
pecially westward,  in  small  prairie  streamlets,  etc. 

All  but  the  last  two  species  in  this  list  are  air-breathing 
fonns.     The  last  one  is  a  bivalve. 

h.     Species  of  deeper  ponds,  bayous,  etc. 

gasteropods. 

BiTHYNELLA  OBTUSA  {Lcci)  St.     Quite  common. 
Amnicola  ciNCiNNATENsis  (Afitli.).    Vcry  common^ 


•Safford.  Geology  of  Tenn  ,  p.  4-34,  1869. 
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« 
heavy,  and  often  larj^^e.     Had  large  streams  or  other  bodies 

of  water  existed  where  the  loess  is  deposited,  thus  furnish- 
ing conditions  favorable  to  this  fluviatile  fauna,  it  is  reason- 
able to  supi)ose  that  some  of  these  shells  would  be  found  fos- 
sil today  to  relate  the  story  of  the  conditions  under  which 
they  existed.  Yet  no  such  evidence  has  ever  been  found  in 
undoubted  undisturbed  loess,  and  the  conclusion  that  such 
bodies  of  water  did  not  exist  where  loess  is  now  found  is 
irresistible.     Indeed  the  molluscan   fauna  of  the  loess   points 

to  comparatively  dry,  upland,  terrestrial  conditions  such  as 
exist  over  the  greater  i)art  of  Iowa  today.  It  suggests  land- 
surfaces  clothed  with  vegetatitm  offering  shelter  and  foo<l 
to  terrestrial  snails, — a  vegetation  developed  under  medium 
cbnditinns  of  moisture  and  temperature  such  as  exist  here 
todav. 


PROF.  W.  H.  BARRIS. 

n.v  C.  H.  Pkhstcin,  M.  I). 
rOKTKAIT. 

Willis  llervey  JJarris,  1).  1).,  scientist,  educator  anrl  church- 
man, (bed  at  his  home  in  l)aven])«)rt.  b)wa,  June  lOth,  1901, 
having  ahimst  cnm])leted  hi^  eightieth  year.  Senior  priest  of 
the  I'li)i.sc(>pal  l)ii>cese  of  Iowa  and  C'urator  of  the  Davenport 
Academy  of  Science  at  the  time  of  his  death,  the  close  of  a  long 
and  useful  life  found  him  still  at  work,  as  always,  to  tlvj  ex- 
tent of  his  strenj^lli,  in  the  conscientious  discharge  of  duty. 

Uorn  in  l»eaver  c«nmty.  i  Vnnsylvania,  July  9,  1820,  he 
entered  Alleghany  college.  Meadville,  .1  Vnnsylvania,  at  die 
age  of  fom'teen  :  received  the  degree  of  A.  \\.  in  1839,  and 
completed  a  ])osi  graduate  course  in  civil  engineering  in 
1S41.  in  1S54  his  alma  mater  conferred  on  him  the  degree 
oT  A.  ^\.  His  career  in  Alleghany  college  said  its  piesi- 
(ient.  Dr.  luikir,  "Was  njually  h.norable  to  the  college  and 
io  himself."  lie  was  "an  excellent  scholar  in  every  de- 
[)artni'.iil  of  the  college  course,"  with  a  "decided  penchant 
for  scientilic  ])ursuits."  At  the  age  of  twenty-one  he  en- 
tered u])on  a  conrse  of  thei.ilogical  study  and  was  graduated 
from  the  ( leneral  Theological  Seminary.  Xew  A'ork  City — 
th.e  oldest  rrotestanl-F.piscopal  theological  school  in  the 
United   States — in    18:^0. 


/-^l^^ 
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Ordained  priest  by  bishop  De  Lancy  of  New  York,  he  be- 
came rector  of  St.  Luke's  church,  Brockport,  N.  Y.,  in  1852, 
and  later  served  as  assistant  to  Rev.  Henrj'  Lee  (afterward 
first  bishop  of  Iowa)  at  Rochester,  N.  Y. 

Coming  to  Iowa  at  the  soHcithtion  of  bishop  Lee,  who 
recognized  in  him  quaHties  of  a  high  order,  he  became  rector 
of  Trinity  church,  Iowa  City,  in  1855,  and  of  Christ  church, 
BurHngton,  in  1859,  whence,  after  seven  years  of  arduous 
labor  and  study,  he  was  called  to  the  Ely  professorship  of 
ecclesiastical  history  in  Griswold  college,  Davenport,  which 
city  was  thereafter  to  be  his  home. 

It  was  as  a  personal  compliment  to  Dr.  Barris,  and  to  se- 
cure his  services  permanently  for  the  college,  that  the  Ely 
endowment  was  made  and  conditioned  on  his  having  a  life 
tenure  in  I^ly  house,  the  home  at  Twelfth  and  Main  streets, 
where  he  breathed  his  last.  His  personal  popularity  and 
recognized  ability  as  an  instructor  helped  largely  to  give  to 
the  theological  department  of  Griswold,  its  high  educational 
standing  during  the  more  than  twenty  years  he  spent  in  its 
service. 

Many  men.  now  prominent  in  the  church,  were  members 
<)i  his  theological  classes  and  credit  him  in  large  measure 
with  the  success  attending  their  labors.  Always  modest  and 
unassuming,  himself  setting  the  example  of  faithful  work, 
he  was  loved  and  revered  by  his  students,  one  of  whom  feel- 
ingly writes :  'Tie  was  the  most  helpful  man  I  ever  niet," 
*T  doubt  if  there  is  one  who  does  net  bless  the  day  thai  he 
came  under  the  influence  of  the  mind  and  heart  of  Willis 

If         T  >  •        •» 

1.    Cams. 

He  had  chosen  the  church  as  his  life  work  and  gave  it 
liis  first  allegiance,  consequently  when  oflFered  a  chair  in  the 
Iowa  state  university,  he  declined,  saying:  '*Paleontt>logy  is 
my  play,  theology  is  my  work.''  Nevertheless,  ^wherever  his 
lot  was  cast,  he  at  once  identified  himself  with  all  the  higher 
intellectual  interests  of  the  community  about  him,  and  sup- 
plemented his  work  for  the  church  by  a  thorough  stud^  of 
the  geolog}'  and  paleontology  of  the  region. 

\)y  numerous  short  excursions  and  cxrcasional  longer 
journeys,  he  collected  material  and  observations  which,  with 
his  scholarly  interi)retation,  gave  results  of  great  scientific 
value. 
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At  Iowa  City  he  made  a  close  study  of  the  Hamilton  and 
other  Devonian  rocks.  At  Burlington  he  found  a  rich  field 
in  the  crinoids  and  other  fossils  of  the  Burlington  limestone, 
of  which  he  made  a  large  and  valuable  collection,  discovering 
many  new  species.  Some  of  these  are  described  in  his  own 
written  contributions  to  science;  others,  by  his  permission, 
were  named  and  described  by  Dr.  Hall,  Mr.  Wachsmuth, .  Dr. 
Knapp  and  other  leading  geologists,  who  personally  ac- 
knowledged the  value  of  his  work.  Many  of  the  new  forms 
described  and  pictured  in  Wachsmuth  and  Springer's  gjeat 
work  on  the  crinoids,  were  first  discovered  by  Dr.  Barris. 
Through  Wachsmuth  also,  many  specimens  were  sent  to  the 
British  Museum,  in  acknowledgment  of  which  a  copy  of  the 
beautiful  "Catalogne  of  the  Blastoidea"  (Etheridge  and  Car- 
penter, London,  1886)  was  sent  to  him  by  the  trustees  of 
the  museum.  Next  to  Wachsmuth,  Dr.  Barris  is  named  first 
among  the  scientific  friends  at  home  and  abroad  to  whom 
its  authors  express  their  indebtedness. 

In  the  summer  of  1866,  professor  and  Mrs.  Louis  Agassiz 
visited  Burlington  purposely  to  sec  the  Barris  collection  of 
crinoids,  and  were  so  delighted  with  it  that  negotiations 
were  opened  at  once  and  it  was  purchased  for  the  museum 
at  Cambridge.  In  a  subsequent  letter  professor  Agassiz 
writes:  "I  owe  it  to  you  to  say  that  I  shall  treat  this  col- 
lection with  all  the  regard  which  it  deserves,  and  that  I 
shall  take  goo<l  care  to  have  the  scientific  world  know  and 
understand  that  while  it  will  become  an  ornament  to  the 
museum  at  Cambridge,  it  is  yet  entirely  your  work.  F.very 
specimen  shall  be  furnished  with  a  label  stating  that  it  once 
fonncd  part  of  your  collection,  and  I  believe  I  ain  within 
bounds  in  saying  that  it  will  commemorate  your  scientific 
zeal  and  ability  as  surely  as  it  would  remaining  in  \our 
j)ossession.  Allow  me  to  request  you,  therefore,  not  to  feel 
as  if  you  had  parted  with  your  interest  in  science,  but  on  the 
contrary  to  continue  your  efforts  in  a  direction  in  which  vou 
have  thus  far  been  so  eminently  successful/' 

On  removing  to  Davenport  Dr.  Barris  still  kept  up  his 
geolorrical  studies,  contributing,  from  time  to  time,  valuable 
articles  for  publication,  chiefly  in  the  Proceedings  of  the 
Davenport  Academy  of  Science.     He  became  a  member  and 
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was  made  a  trustee  of  this  institution  at  its  first  meeting,  and 
was  active  in  its  support  tlirough  life.  Elected  president  in 
1876,  in  1890  he  took  up  the  work  of  caring  for  its  museum 
and  correspondence  laid  down  by  his  friend,  curator  Pratt,, 
and  despite  an  affection  of  the  eyes,  at  times  excruciatingly 
painful,  discharged  faithfully  the  onerous  duties  of  the 
place  to  within  a  few  days  of  his  death. 

The  loving  regard  in  wfliich  he  was  held  by  his  asso^ 
ciates  in  the  academy  was  thus  expressed  in  resolutions  of 
respect  to  his  memory :  *'Of  a  gentle  and  scholarly  disposi- 
tion, holding  close  and  loving  communion  with  nature's  vis- 
ible forms  and  their  informing  Spirit,  he  had  neither  time 
nor  inclination  for  business  strife  with  his  fellow  men.    The 

• 

soul  of  kindliness  in  every  relation  of  life,  he  made  each  one 
who  came  to  know^  him  a  friend."  To  the  writer,  who  knew 
him  well,  he  embodied 'the  highest  ideal  of  kindly,  courteous 
and  Christian  manhood.  In  him  were  united  a  soul  pure  as 
a  child's,  the  modesty  of  great  wisdom,  and  the  simply  dignity 
of  a  gentlenijan  of  the  old  school. 

Davenport,  lozca,  October  21,  1901. 


CTION  OF  THE  UPPER  ORDOVICIAN  AT 
VEVAY,  INDIANA. 

EUUAK    R.   CUMINGS. 
PLATES  XXXIV  AND  XXXV. 

The  detailed  section  described  in  the  present  paper  is  pub- 
lished, without  the  faunal  lists,  in  a  paper  by  the  writer,  in  the 
Proceedings  of  the  Indiana  Academy  of  Science  for  1900.  It 
is  proposed  here  to  supplement  the  stratigraphic  details  already 
given,  by  an  analysis  of  the  faunas.* 

The  section  begins  at  the  level  of  the  Ohio  river  at  Vevay^ 
Indiana,  and  includes  beds  ordinarily  correlated  wath  the  Utica 
and  Lorraine  of  the  eastern  United  States.  The  lowest  expos- 
ures ocV:ur  at  the  foot  of  a  glen  or  run  opening  out  on  the 
flood  plain  cf  the  Ohio  river,  upon  which  the  city  of  Vevay  is 
built,  at  the  head  of  "Main  cross"  street,  just  east  of  the  or- 
phan asylum.    The  section  extends  up  the  glen  to  near  the  to]) 

•The  identificatiots  of  the  Bryozoa  listed  in  this  paper  are  invariably  basedl 
apon  thin  sections. 
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5.  Cocloclcma  altcrnatum  (James)    (a). 

6.  Bythopora  arctipora   (Nicholson)    (c). 

7.  Leptotrypa  cf.  Calccola  (Miller  &.  Dyer)  (rr),  a  fragment 
from  which  the  shape  of  the  zoarium  could  not  be  made 
out.  The  internal  characters  are  those  of  the  species 
calccola. 

8.  Dckayclla  ulrichi  (Nicholson)    (c).    Large  form. 
9    Dalmanella  multisccta  (Meek)    (c). 

10.  Plectambomtcs  scriccus   (Sowerby). 

11.  Zygospira  modcsta  (Hall). 

12.  Calymcnc  calliccphala   (Green). 

13.  Proetus  sp. 

14.  Conchiolites  sp. 

15.  Crinoid  segments  of  several  species,  (c)  This  layer  is 
probably  the  equivalent  of  the  base  of  XI  b  of  Ulrich's 
Cincinnati  section. 

No.  12.     Shale  with  occasional  thin  layers  of  limestone,  6  feet  4  inches^ 
No.  13.    Compact  limestone,  5  inches. 

1.  .Coeloclcma  altematum  (James)    (c). 

2.  Bythopora  arctipora  (Nicholson)   (c). 

3.  Callopora  onealli'Sigillaroidcs  (Nicholson) 

4.  Dckayclla  ulrichi  (Nicholson). 

5.  Arthropora  sp. 

6.  Leptotrypa  sp. 

7.  Callopora  onealli-communis  (James). 

8.  Ra/inesquina  altcrnata  (Con.). 

9.  Dahnanclla  multisccta  (Meek). 

10.  Calymcnc  small  fragment. 

11.  Zygospira  modcsta  Hall. 

12.  Batostoma  implicatum   (Nicholson). 

13.  Crinoid  segments.    Hctcrocrinusf 
No.  14.     Shale,  5  inches. 

No.  15.     Compact  limestone,  6  inches. 

1.  Eridotrypa  vcvayensis  n,  sp. 

2.  Dckayclla  obscura  Ulrich. 

3.  Callopora  onealli  var. 

4.  Bythopora  sp. 

5.  Escharopora  acuminata  (James)  ? 

6.  Dckayclla  ulrichi  (Nicholson). 

7.  Rafincsquina  altcrnata   (Conrad). 

8.  Dalmanella  multisccta  (Meek). 
No.  16.     Shale,  2  feet  6  inches. 

No.  17.     Limestone,  3  inches. 


I 
2 

3 
4 


Callopora  oncalli-sigillaroidcs   (Nicholson). 
Batostoma  implicatum  (Nicholson). 
Pcronopora  vera. 

Bythopora  arctipora   (Nicholson). 
Dalmanella  multisccta   (Meek). 
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6.  RaAnesquina  alternata  (Conrad). 

7.  Zygospira  modcsta  Hall. 

8.  Plectambonites  scriccus   (Sowerbv)    (rr). 

9.  Calymcne  calliccphala  Green. 
10.     Crinoid  stems. 

No.  18.     Shale,  7  feet. 

No.  19.    Thin  layers  of  limestone,  intercalated  with  shale,  i  foot. 
I.    Peronopora  vera. 

Bythopora  sp. 

Dalnianella  multisecta  (Meek)   (aa). 

RaHnesquina  alternata  (Conrad).     Small  form. 

Zygospira  cincinnatiensis  (James). 

Dalmanella  emacerata  Hall. 

Crania  scahiosa  Hall. 

Crinoid  stems  (small). 
No.  20.     Shale,  7  inches. 
No.  21.     Limestone,  3  inches. 

I     Coeloclcma  concentricum  (James)    (aa). 

Callapora  oncalli-sigillaroides   (Nicholson).     Large   Stems 

possibly  var.  Communis. 

Bythopora  arctipora  (Nicholson). 

Dekayella  ulrichi  (Nicholson). 

Dalmanella  emacerata  Hall    (c). 

Zygospira  modcsta  Hall   (rr). 

Fleet  art  his  sp.    (rr). 

Acid  as  pis  f  ragmen  t.s   (c). 

Calymcne  calliccphala  Green. 
No.  22.     Shale.  2  feet  6  inches. 
No.  23.     Crinoidal  limestone,  7  inches. 

1.  Coeloclcma  concentricum   (James)    (r). 

2.  Callopora  onealli-communis   (James). 

3.  Bythopora  arctipora  (Nicholson)    (c). 

4.  Batostoma  implicatum    (Nicholson). 

5.  Peronopora'  vera     ? 

6.  Dalmanella  emacerata  Hall. 

7.  Zygospira  cincinnatiensis  Meek. 

8.  Dalmanella  multisecta   (Meek). 

9.  RaHnesquina  alternata  (Conrad). 

Fragment. 

10.  Calymcne  calliccphala  Green. 

11.  Trinucleus  concentricus  Eaton. 

12.  Plumulites  sp. 

13.  Crinoid  segments   (aaa) 

This  layer  is  probably  the  equivalent  of  the  120-foot  level 
of  Ulrich's  section  at  Cincinnati. 
No.  24.     Shaly  limestone,  5  feet  4  inches. 

1.  Ceramoporella  ohioensis  (NichoLson)    (c). 

2.    distincta  Ulrich   (r). 
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3.  Callopora  onealli-communis    (James)    (c). 

4.  Bythopora  arctipora  (Nicholson). 

5.  Coeloclcma  sp.  (rr). 

6.  Batostoma  unplicatum  (Nicholson)   (rr). 

7.  Peronopora  dccipiens   (Rominger)    (r). 

8.  Dckayella  ulrichi  (Nicholson)    ? 

9.  Dalmanclla  emaccrata  Hall  (r). 

10.  Zygospira  cincinnaticnsis  Meek  (r) 

IT.  modesta  Hall   (c). 

12.  Acidaspis  ceralepta.     Meek. 

13-  fragment  of  another  species. 

14.  Plumulites  sp. 

15.  Arthropora  sp. 

16.  Calymene  callicephala  Green. 

17.  Asaphus  sp.  fragments   (c). 

18.  Hcterocrinus  segments. 

No.  25.     Dark  crystalline  limestone.     Few  identifiable  fossils,  4  inches. 

No.  26.     Shale  with  thin  layers  of  limestone,  6  feet  3  inches. 

No.  27.     Sandstone,  4  inches. 

No.  28.     Shale,  8  inches. 

No.  29.     Limestone  with  argillaceous  material  in  spots,  7  inches. 

1.  Coeloclcma  fragment. 

2.  Callopora  sp.  probably  onealli-communis  (James). 

3.  Atactoporclla  sp.  cf.  ncwportcnsis  or  typicalis. 

4.  Arthropora  sp. 

5.  Dalamanella  multisecta  (Meek)   (a). 

6.  RaHnesquina  alternata  (Conrad).    Very  fine  striae. 

7.  Zygospira  modesta  Hall. 

8.  Retsia  (?)  granulifcra  Meek  (rr). 

9.  Anodontopsis  fragment. 

10.  Acidaspis  fragments. 

11.  Plumulites  sp. 

12.  Crinoids   stems. 
No.  30.     Shale,  i  ft.  8  in. 
No.  31.     Limestone.  4  in. 

I.    Coeloclcma  sp. 
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Ceramoporella  ohioensis  (Nicholson). 

Peronopora  vera. 

Callopora  onealli  var. 

Batostoma  implicatum  (Nicholson). 

Aspidopora  sp. 

Heterotrypa  cf.  solitaria  Ulrich    (rr). 

Escharopora  acuminata  (James). 

Dalmanella  multisecta  (Meek)   (aaa). 

Ra/inesquina  alternata   (Conrad). 

Zygospira  modesta  Hall. 

Trinucleus  concentricus  Eaton  (rr). 


No.  32.    Thin  limestone  and  shale  2  ft.  4  in. 
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2.  Peronopora  decipiens  (Romingcr). 

3.  Callopora  onealH-communis  (James). 

4.  Bythopora  arctipora    (Nicholson)    (r). 

5.  Ceramoporella  ohioensis   (Nicholson). 

6.  Dekayella  ulrichi    (Nicholson). 

7.  Arthropora  sp. 

8.  Zygospira   cincinnatiensis  Meek. 

9.  Dalmanclla  multisecta    (Meek). 
10.  Zygospira  modesta  Hall. 

No.  46.    Shale  2  ft. 

No.  47.    Yellowish  limetsone,  3  in. 

No.  48.    Shale,  i  ft. 

No.  49.     Coarse-gra^ined  limestone,  6  in. 

1.  Coeloclema  sp. 

2.  Arthropora  sp. 

3.  Acid  as  pis  tp. 

4.  Callopora  oncalli  var. 

5.  Dalmanella  multisecta  (Meek)    (aaa). 

6.  RaHncsquina  alternata   (Conrad)    (c). 
No.  $0.    Shale  2  ft.  8  in. 

No.  51.     Gray  limestone,  3  in. 

1.  RaHnesquina  alternata  (Conrad)   fragments   (aa). 

2.  Dekayella  ulrichi  i^iK^oXsoti)  (c). 
No.  52.     Shale,  10  in. 

No.  53.     Limestone,  3  in. 

1.  RaHnesquina  alternata  (Conrad)   fragments   (c). 

2.  Dalmanella  emacerata  Hall   (r). 

3.  Crinoid  segments   (c). 
No.  54.     Shale,  6  in. 

No.  55.     Coarse-grained  crystalline  limestone,  fragments  of  Dalman- 
ella multisecta  and  Rafinesquina  alternata  abundant,  6  in 
No.  56.     Covered.     Probably  limestone,  25  ft. 

No.  57.     Compact  limestone  Dalmanella  multisecta  abundant,  7  in. 
No.  58.     Covered.     2  ft. 
No.  59.     Dark  drab  limestone,  4  in. 

1.  Peronopora    decipiens    (Rominger).      Large    form;    very 
thick  cell  walls,  numerous  mesopores  and  acanthopores. 

2.  Dekayella  ulrichi   (Nicholson). 

3.  Callopora  onealli  var. 

4.  Dalmanella  multisecta  (Meek.) 

5.  RaHnesquina  alternata    (Conrad)    fragments. 

6.  Zygospira  modesta  Hall. 
No.  60.     Covered,  8  ft..  8  in. 

No.  61.     Limestone,  i  ft,  2  in. 

1.  Callopora  cf.  ramosa  or  dalci. 

2.  Dalmanclla  multisecta   (Meek)    (aaa). 
No.  62.     Covered,  8  in. 

No.  63.     Br>'ozoal  limestone,  6  in. 
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1.  Dekayella  ulrichi    (Nicholson). 

2.  Callopora  cf.   ramosa    (d'Orbigny). 

3.  Zygospira  modesta  Hall. 

4.  Platystrophia   biforata    (Schlotheim). 

Very  small  imperfect  specimens,  nearest  to  var.  dentata. 
Base  of  platystrophia  zone. 
No.  64.     Covered,  6  ft. 
No.  65.     Thin-bedded  bryozoal  limestone,  8  ft. 

1.  Callopora  ramosa  (d'Orbigny).  ? 

2.  Dekayella   ulrichi  robusta   Foord. 

3.  Platystrophia   biforata    (Schlotheim).     Small    form,    near- 
est to  dentata. 

4.  Herbcrtella  occidcntalis  sinuata  Hall. 

No.  66.  Thicker-bedded,  light  grray  limestone,  containing  fragments 
of  RaHncsquina  alternata  in  abundance.  Zygospira  modesta  com- 
mon, I  foot. 

No.  67.     Covered,  i  foot  8  inches. 

No.  68.  Coarse  grained  limestone.  RaHnesquina  alternata  abundant^ 
5  inches. 

No.  69.     Shale,  6  inches. 

No.  70.  Fine-grained  limestone,  containing  Zygospira  modesta  Hall. 
3  inches. 

No.  71.    Covered,  3  feet. 

No.  72.  Coarse-grained,  crinoidal  limestone.  Refinesquina  alternata 
common,  4  inches. 

No.  73.     Limestone,  i  foot  3  inches. 

1.  Platystrophia  biforata    (Schlothem).     Small  form  with   17 
plications    (the  normal   number)    on   the  ventral    valve. 

2.  Rafincsquina  alternata  (Conrad).     Ver>'  thin  form. 

3.  Hscharopora  pavonia  (d'Orbigny). 

4.  Coustcllaria  constellata   (Van  Cleve).     Large  specimens. 

5.  Batostoma   sp..  probably   new. 

No.  74.     Coarse-grained  limestone,  3  to  8  inches. 

No.  75.     Covered,  6  inches. 

No.  76.     Compact  limestone.     Rafincsquina  common,  4  inches. 

No.  77.     Covered.  3  feet  8  inches. 

No.  78.     Limestone  with  Rafincsquina  and  Bryozoa,  5  inches. 

No.    79.     Argillaceous-arenaceous,    thin    imestone.     Some   covered,    14 

feet. 
No.  80.     Argillaceous-arenaceous  limestone,  4  inches. 
No.  81.     Covered,  3  feet  3  inches. 
No.  8 J.     Yellow  sandstone,  4  inches. 
No.  S;^.     Thin  irregular  limestone,  6  inches. 

1.  Platystrophia  biforata  (Schl.) 

2.  Constcllaria  coustcllata    (Van  Cleve). 

No.  84.     Thin-bedded     limestone     containing     Platystrophia     biforata 

(Schl.). 
No.  85.     Yellow  argillaceous  sandstone,  4  inches. 
No.  86.     Limestone  with  Platystrophia  and  Hcbcrtclla  sinuata,  6  feet. 
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The  remainder  of  the  Platystrophia  beds  is,  as  stated  above, 
from  the  exposures  along  the  road  a  short  distance  from  the 
upper  exposures  of  the  section  just  described.  The  zone  which 
ia  here  40  to  50  feet  thick  is  divided  arbitrarily  into  eight 
equal  sub-zones  for  the  purposes  of  analysis  of  the  faunas. 
These  sub-zones  are  lettered  a  to  h  from  the  base  up.  Litho- 
logically  they  vary  but  little,  there  being  somewhat  more  sandy 
material  in  the  lower  layers  and  a  greater  percent,  of  argilla- 
ceous material  further  up  in  the  section.  All  the  layers  are 
very  thin  and  irregular  and  easily  disintegrated  constituting 
on  the  whole  an  extremely  shaly  limestone. 

The  faunas  of  these  sub-zones  are  as  follows: 
Zone  a: 

1.  Homotrypa  curvata  Ulrich  (aa). 

2.  Ceramoporella  ohioensis  (Nicholson). 

3.  Peronopora  decipiens  (Rominger). 

4.  Dckayia  sp. 

5.  Heterotrypa  inHecta  Ulrich. 

6.  Dekayia  as  per  a  E.  &  H. 

7.  Callopora  subplana  Ulrich. 

8.  Callopora  rugosa  (E.  &  H.).  ? 

9.  Bythopora  sp. 

10.  Escharopora  pavonia  (d'Orbigny). 

11.  Escharopora  falciformis  (Nicholson). 

12.  Platystrophia  biforata-lynx    (Eichwald). 

13.  Platystrophia  biforata-dcntata  Meek. 

14.  RaHnesquina  alternata  (Con.). 

15.  Plectorthis  plicatclla  Hall. 

16.  Hebertella  occidentalis-sinuata  Hall. 

17.  Acidaspis  sp. 

18.  Heterocrinus  sp. 

19.  Cyclora  minuta  Hall. 
Zone  b: 

1.  Ceramoporella  ohioensis   (Nicholson)    (c). 

2.  Bythopora  delicatula  (Nicholson). 

3.  Callopora  rugosa    (E.  &  H.). 

4.  Escharopora  pavonia  (d'Orbi»rny). 

5.  Monticulipora  mammulata   (d'Orbigny). 

6.  Escharopora  falciformis  (Nicholson). 

7.  Constcllaria  constellata  (Van  Cleve)  Dana. 

8.  Petigopora  aspcrula  Ulrich. 

9.  RaHnesquina  alternata   (Con.)   typical    (a). 

10.  Zygospira  modcsta  Hall   (a) 

11.  Hebertella  occidentalis-sinuata  Hall   (c). 

12.  Plectorthis  plicatclla  Hall. 
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13.  Flatyslrofhia  biolorala-lynx.     (Eichw.)- 

14.  Mfgambonia  jaincii     Meek. 

15-  Modiotopsis  modiolaris  (Conrad)   (c) 

16.  Cydanctnii  bilix  (Conrad). 

17.  Asafihus  sp. 

18.  Cnnoid  si-gnienis  (c). 

ig.  Calymene  callicephala  Green. 

I.  Heterolrypa  frondosa   (d'Orbigny). 

3.  Nichoisotidla  vaupeti  (Ulrich)   (c). 

3.  Monticittipura  molesia  Nicholson. 

4.  Ceramoporella  oliioaisis  (Nicholson). 
.     5.  Peligopora  asfe^mla  Ulrich. 

6.  Escharopora  falciformis   (Nicholson). 

7.  Crama  scabiosa  Hall. 

8.  Zygospira  modfsia  Hall. 

9.  Plalystropkia  biforofa-lynx  (Eichw.). 
10.  Ptolyslrophia  biforata  lalkosia   (Meek), 
n.  Pltctorlhii  plicatella  Hall. 

1.  Amplexopora  Htiosa  (d'Orbigny). 

2.  fiflerotrypa   frondosa  (d'Orbigny), 

3.  Dekayia  sp. 

4  Callopora  famosa   (d'OrbiBiiy). 

5.  Esclmr.'pora  falciformis  (Nicholson). 

6.  Pcligopora  asperula  Ulrich. 

7.  Ceramoportlla  sp. 

8.  Hcbcrlella  occidenialis-sinuata  Hall. 

9.  Zygospira  modeila  Hall. 

10.  Ratinesquitta  altemala-fracta   (Meek). 
Zone  e: 

1.  Collopora  rugosa   (E.  &  H.). 

2.  Pcligopora  asperula   Ulrich. 

3.  C^ramoportlla  okioensii   (Nicholson). 

4.  Estrliaropora  falciformis   (Nicholson). 

5.  Hclcrotrypa  frondosa  (d'Orbienyl. 

6.  Peronapora  dccipiens  var. 

7.  Moiiliiiilipo'd  motcjfa  Nicholson, 

8.  Bythopara  deticatula    (Nicholson). 

9.  Byllwpora  gracilis    (Nicholson). 

10.  Pcligopora  pelechialis  (Nicholson). 

11.  Alaclapcrclla  sp. 

12.  Proboscina  aiiloporoidcs   (Nicholson). 

13.  Rafiucsqmna  allcrnala    (Con.)    (c). 

14.  HcbcrtcUa  occ'vienlalis-sinuala  Hall   (a). 

15.  Plalyslrophia  bif^rala-Iyiix   (Eichw.). 

16.  Zysospira  modfsia  Hall   fafla). 

17.  RaHm-sqiiina  allrrii.ila-nasula   (Con.). 
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18.  Cyclora  minuta  Hall. 

19.  Crania  scahiosa  Hall. 

20.  Conchiolites  sp. 
Zone  f: 

1.  Callopora  ramosa   (d'Orbig:ny)    (c). 

2.  Callopora  rugosa  (E.  &  H.)   (c). 

3.  Bythopora  dclicatula  (Nicholson). 

4.  Petigopora  petechialis  (Nicholson). 

5.  Ceramoporella  ohiocnsis  (Nicholson). 

6.  Monticulipora  molesta  (Nicholson). 

7.  Peronopora  decipiens  (Rominger). 

8.  Hebertella  occidentalis-sinuata  Hall   (aa). 

9.  Platystrophia  hif orata-laticosta  (Meek)    (aa). 

10.  Platystrophia  biforata-lynx  (Eichw.). 

11.  RaHnesquina  alternata-fracta   (Meek). 

12.  Zygospira  modesta  Hall. 

13.  Plectorthis  plicatclla  Hall. 

14.  Megatnbonia  sp. 

15.  Calymene  callicephala  Green. 
Zone  g: 

1.  Callopora  rugosa  (E.  &  H.). 

2.  Bythopora  cf.  delicatula  (Nicholson). 

3.  Platystrophia  biforata-lynx  (Eichw.).  (aa). 

4.  Hebertella  occidentalis-sinuata  Hall   (aa). 

5.  RaHnesquina  alternata'ponderosa*  (aa). 

6.  Plectorthis  sp.  probably  plicatella. 

7.  Zygospira  modesta  Hall. 

8.  Crania  scabiosa  Hall. 
Zo«^  H : 

1.  Hetcrotrypa  proUHca  Ulrich   (c). 

2.  Nicholsonclla  vaupcli  (Ulrich)    (aa). 

3.  Ceramoporella  ohioensis  (Nicholson). 

4.  Peronopora  decipiens  (Rominger)    (c). 

5.  Monticulipora  molesta    (Nicholson)    (a). 

6.  Bythopora  gracilis  (Nicholson)    (c). 

7.  Homotrypa  curvata  Ulrich.    ? 

8.  Hetcrotrypa  frondosa  (d'Orbigny). 

9.  Callopora  rugosa  (E.  &  H.) 

10.  Callopora  ramosa  (d'Orbigny). 

11.  Hetcrotrypa  inHccta  Ulrich.    ? 

12.  Petigopora  petechialis  (Nicholson). 

13.  Bythopora  delicatula  (Nicholson)   (a). 

14.  Petigopora  aspcrula  Ulrich. 

15.  Petigopora  sp.,   form   with   diaphragms   ad   large   acanlho- 
porcs. 

16.  Spaiiopora  maculosa  Ulrich. 


•This  name  "iiwcd  by  collectors"  ha*  nn  technical  standinjf.  but  raiffht  very 
vrell  be  adopted  for  the  niansive  thick  shelled  rufinesquinas  occurring  so  abund- 
antly in  the  "lynx"  beds. 
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17.  Proboscina  auloporoides    (Nicholson). 

18.  Platystrophia  bifrata-lynx  (Eichw.). 

19.  Platystrophia  hiforata-laticosta  (Meek). 

20.  Hehertella  occidetanlis-sinuata  Hall. 

21.  Zygospira  fnodesta  Hall. 

22.  RaHnesquina  alternata-ponderosa. 

23.  RaHnesquina  altemata -nasuta.     (Con.). 

24.  Crania  scabiosa  Hall. 

25.  Conchiolites  sp. 

26.  Cyrtolites  inornatus  Hall. 

27.  Megambonia  jamesi  Meek. 

In  addition  to  the  species  in  the  above  lists,  a  miscellan- 
eous collection  from  zones  a  to  A,  inclusive,  contains  the 
following  species: 

1.  Hcterotrypa  paupera  (Ulrich) 

2.  Dekayia  magna  n.  sp. 

3.  Dekayella  cystata  n  sp. 

4.  Amplcxopora  septosa  (Ulrich). 

5.  Dekayia  pelliculata  Ulrich. 

6.  Callopora  andrewsi  (Nicholson). 

7.  Homotrypa  obliqua  Ulrich. 

8.  B at 0 stoma  varians   (James)    ? 

9.  Proboscina  frondosa  (Nicholson). 

10.  Trematis  sp. 

11.  Bcyrichia  chamber  si   ? 

12.  Stomatopora  inHata  (Hall). 

13.  Plcctorthis  clla  Hall. 

14.  Orthocreas  sp. 

It  is  of  interest  to  compare  this  section  with  that  of  Ulrich* 
at  Cincinnati,  esjx^cially  since  the  latter  is  the  type  section  for 
this  part  of  the  Upper  Ordovician  of  the  Ohio  valley. 

These  two  sections  (Cincinnati  and  Vevay)  may  be  tabu- 
lated as  follows : 

Tabulation  of  Ulrich's  Section  at  Cincinnati. 
Platystrophia  lynx  and  numerous  bryoroa. 

Callopora  ramosa,  C,  rugosa,  Hythopora  ffracili:^, 
Hcterotrypa  inflecta,  Pcronopora  compressa, 
Dekayia  appressa,  etc.,  A mbonychia  jamesi,  etc.  L>^jj  \^ 

Strophomena  nasuta. 

Strophowena  ponderosa. 

Atactoporella  wundula,  Constellaria  constellata, 
Leptotrypa    discoidea,    hscharopora    paron/a,  I  Yjr  « 
Plcctorthis  plicatella.   P.  ella,  Cyclonema  bilix,  [" 
Platystrophia  crassa,  Anodontopsis  unionoides. 


•Am.  Gbol.,  vol.  i,  pp.  305-315:  toI.  ii,  pp.  39-44. 
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C»llnpora  siE'lliroiiies  (lar^f  forTa),Constellaria 

conslellatn  va<-.  prominfns. 
Zone  of  Dekayella  aincbi.  D    Obscura.  Batoa- 

toma  Jamesi.  B.  implieatam,   Callopora  sigil- 

laroidea.  CtElockma  altcrnataia,  C.  c"-""*""- 

cum,  Dallmanclla  multisecla.  etc. 
Tritiucleus  coaccntricuB  and  T.  bellalax. 


Low  water  level  of  Ohio  river  at  Cincinnati. 
Tabulatio.n  of  Section  at  Vevav. 

Platvstrophia  Iviix  (aa)  (zone  h). 
~ Jaticoata.  etc. 
Jitiie  n  lo  h.  Monticulipora  nioleata,  Hetero- 
trypa  frondosa.  H.  praliUca  (near  to[i).  H. 
iiiflecta,  Cnllnpora  mgosH,  C.ramoss.  Nkbal- 
soTKlla  vaapeli.Ralineaqainatrecta.R.nBsatn. 
R.  ponrlcroaa  Heberlella  ainaata.  PItetortbia 
plicatclla.  Platyslrophia  latkoata,  etc. 
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Platystropbia  bilorata,  Consttllaria  constellata. 

Constcllaria   coastellata,    Escharopora   pavoaia, 
Platystrophia  laticosta.  (No.  73.) 
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Dckayella  alricbi,  Balostoma  implkatum.  Callo- 
flora  sigillaroides.  Ccchchma  alternntam,  etc. 
(No.  11). 
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lOV     Base  of  exposed  section.    D&lmaneUa  maitisccta, 

PlectamboDites  scnceu8.  {So  3) 


Level  of  Ohio  river  at  Vevay. 

The  correspondences  between  these  two  sections  are  too 
apparent  to  need  further  enqriiasis.  Numbers  3  to  49  of  the 
Vevay  section  have  an  aggr^;ate  thickness  of  ap{M*oximateIy 
96  feet.  The  same  zones  in  the  Gncimiati  section  have  an  ag*- 
gregate  thickness  of  about  100  feet.  Trinucleus  conceniricus 
oonues  in  at  almost  exactly  the  same  level  in  both  sections. 
Number  63  of  the  Vevay  section  is  probably  to  be  correlated 
with  the  260  foot  level  of  the  Cincinnati  section  and  number 
45  with  the  180  foot  level  of  the  latter.  Number  73  is  not 
the  equivalent  of  Ulrich's  180  foot  level.  Constellaria  constel- 
lata  ranges  through  a  considerable  thickness  of  rocks. 

Numbers  a  to  A  of  the  Vevay  section  seem  to  be  equivalent 
to  all  above  the  285  foot  level  of  the  Cincinnati  section ;  though 
the  unexposed  portions  of  the  Vevay  section  may  conceal  a 
zone  of  Ho  mo  try  pa  curz'ata  between  numbers  55  and  83.  Cer- 
tain it  is  that  this  well  characterized  species  occurs  abundantly 
in  zone  a,  though  not  above  it.  If  it  is  true  that  these  Homo- 
try  pa  zones  are  equivalent,  then  the  beds  XII  a  of  Ulrich*s  sec- 
tion are  to  a  large  degree  suppressed  in  the  Vevay  section. 

It  remiains  to  discuss  certain  peculiarities  in  the  range  of 
several  species. 

Callopora  onealli  sigillaroides  occurs  in  the  lowest  layers  as 
a  very  small  fonn  and  increases  in  size  but  without  alteration 
of  internal  characters  as  higher  layers  are  reached  passing 
apparently  into  the  variety  coin  munis  of  James,  a  form  occur- 
ring in  large  masses  and  prodigious  numbers  in  some  of  the 
higher  zones. 

Dckayclla  nlrichi  seems  to  experience  a  similar  progressive 
increase  in  size  the  variety  robusta  occurring  in  beds  well  up  in 
the  series. 

Dalman-clla  multisccta  occurs  in  nearly  ever\'  limestone 
layer  up  to  the  base  of  the  Platystrophia  zone ;  and  numbers  3 
to  61  inclusive  may  with  great  propriety  be  called  the  Dalr.tan- 
clla  mnltisecta  zone.  Where  this  species  occurs  abundantly  the 
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young  stages  can  usually  be  obtained.  Specimens  in  the  writ- 
er's collection,  of  a  width  of  less  than  i  mm.,  and  even  so  small 
as  0.5  mm.  are  not  infrequent.  These  together  with  similar 
developmental  material  from  the  zone  of  Dahnanella  meeki 
higher  up  in  the  series  await  description  in  another  place. 

Platystrophia  biforata  and  its  varieties  has  been  discussed 
in  detail  in  a  paper  by  Mr.  Mauck  and  the  writer  on  a  quanti- 
tative study  of  variation  in  this  species.  There  could  scarctely 
be  a  better  locality  than  Vevay  for  the  collection  of  adequate: 
series  of  this  interesting  species,  and  especially  of  the  so-called 
variety  Ivnx. 

Raiinisquina  altcrnata  also  exhibits  minute  variations  from 
zone  to  zone  culminating  in  the  form  ponderosa  of  the  lynv 
beds.  This  protean  species  would  well  repay  quantitative 
study  and  here  again  Vevay  would  readily  furnish  suitable  ma- 
terial. 

DESCRIPTION  OF  NEW  SPECIES. 

Dekayia  magna,  m.  sp. 

PLATE  XXXIV,   FIGS,    I    TO  6. 

In  form'  and  general  appearance  ths  species  closely  re- 
sembles D,  aspera  E.  &  H.  The  zoarium  consists  of  irregular 
flattened  branches  (as  in  the  Lawrenceburg  specimen)  or  more 
frequently  of  robust  frequently  brandhing  masses  (as  in  the 
Vevay  specimen)  of  a  diameter  of  40  mm.  or  m-are.  Spines 
can  occasionally  be  detected  upon  the  surface. 

Tangental  sections  show  that  the  cell  walls  are  thin  with 
usually  a  well  defined  median  lamina.  Acanthopores  few, 
small.  Diaphragms  extremely  few;  occasionally  one  or  two 
near  the  surface. 

Observation :     This  form  might  be  considered  as  identical 

with  D.  aspera  but  for  the  small  size  and  less  frequency  of  the 

adanthopores. 

Locality:     Vevay  and  Lawrenceburur,  Indiana,  in  the  Platystrophia 
laticosta  zone. 

Dekayella  cystata,  u.  sp. 

PLATE  XXXV^  FIGS.    I   TO  6a. 

Zoarium  consisting  of  flattened  branches,  at  times  30  mm. 
or  more  in  width.  Surface  covered  with  small  conical  monti- 
cules, about  three  in  the  space  of  5  or  6  mm.    Cells  0.2  mm.  to 
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0.15  mm.  in  diameter.  The  monticules  are  composed  of  groups 
of  cells  larger  than  the  average  interspersed  with  a  greater 
or  less  number  of  ver}'  minute  cells  (mespores).  The  latter 
arc  practically  confined  to  the  regions  of  the  monticules. 

Tangental  sections  reveal  the  characteristic  cell  structures 
of  the  genus,  with  the  large  and  small  sets  of  acanthopores. 

Longitudinal  sections  show  numerous  diaphragms  about 
one-half  cell  diameter  apart  in  the  large  cells  and  much  more 
numerous  in  the  mesopores.  A  peculiarly  characteristic  thing 
is  the  presence  of  an  occasional  cystiphragm,  especially  near 
the  surface. 

Observation :  This  species  might  easily  be  mistaken  for 
Hetcrotrypa  subpulchella  from  which. it  differs  in  the  two  sets 
of  acanthopores  and  the  presence  of  curved  diaphragms. 

Locality:     \'eray  in  the  Platystrophia  lynx  beds. 

Amplexopora  multispinosa,  n.  sp. 

PLATE   XXXIV,    FIGS.    7   tO    lO. 

Zoarium  consisting  of  frequently  branching  cylindrical  or 
sub-cylindrical  stems  of  an  average,  diameter  of  from  8  to  lo 
mm.  Surface  with  inconspic^uous  maculae.  Cells  of  average 
size  about  0.2  mm.  in  diameter. 

In  longitudinal  sections  the  cells  are  seen  to  be  thin  walled 
in  the  axial  region  and  without  diaphragms.  They  bend  some- 
what abruptly  toward  the  surface,  becoming  greatly  thickened 
and  at  the  same  time  developing  in  the  passage  from  the  imma- 
ture to  the  mature  region  a  considerable  number  of  diaphragms 
many  of  which  are  curv-ed  or  even  coalesce  giving  the  false  ap- 
pearance of  cystiphragms.  Near  the  surface,  diaphragms  are 
again  lacking. 

In  tangental  sections,  cutting  the  mature  region,  the  oell- 
walls  are  thick,  with  very  clearlv  defined  true  walls  thicklv  in- 
terspersed  with  small  acanthopores  and  covered  by  a  copious 
deposit  of  secondary  schlerenchyma. 

Localiqy :  Associated  with  Callopora  communis  in  the  upperDa/- 
manclla  multisccta  beds,  at  Vcvay  and  Milton,  Indiana. 

Eridotrypa  vevayensis,  n.  sp. 

TLATE  XXXV,   FIGS.   7  AND  8. 

The  zoarium  of  this  species  cannot  be  described  owing  to 
the  fact  that  all  the  specimens  seen  were  fragments  imbedded 
in  the  limestone  matrix.    It  is  however  of  small  size. 
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Internally  the  species  is  seen  in  tangental  and  longitudinal 
sections  to  possess  a  structure  closely  similar  to  that  of 
E.  briareiis  (Nicholson  sp.),  from  which  it  differs  in  the  pres- 
ence in  fair  abundance  of  mesopores  and  in  the  general  obli- 
quity of  the  diaphragms.  The  latter  are  more  numerous  in  the 
mesopores. 

Locality:  Vevay,  Indiana,  in  the  Dalmanclla  muUisecta  zone,  asso- 
ciated with  Dekayella  ohscura  and  Callo^ora  onealli:  Also  at  a  sim- 
ilar level  in  the  Kentucky  bank  of  the  Ohio  near  Lawrenccburg,  Ind- 
iana. 

Yale  University,  Oct.,  1901. 


3^7^  The  American  Geologist.  December.  1901 


Explanation  of  plate  xxxiv. 

Figs.  1-6,  Dekayia  magna,  11.  sp p.  32 

Fig.  I.     Fragment  of  a  zoarium  from  Vevay,  natural  size. 

Fig.  2.     Fragment  from  Lawrenceburg,  natural  size. 

Fig.  3.     Surface  of  Lawrenceburg  specimen  X18. 

Fig.  4.     Longitudinal  section  of  same. 

Fig.  5,     Longitudinal  section  of  a  Vevay  specimen. 

Fig.  6.     Tnngcntal  section  of  2. 
Figs.  7-10,  Amplexopora  multipinosa  n.  sp p.  34 

Fig.  7.     Fragment  of  zoarium  showing  bases  of  four  branches. 

Fig.  8.  Fragment  from  which  the  sections  represented  in  Figs. 
9  and  ro  were  cut. 

Fig.  9.     Longitudinal  section  X18. 

Fig.  10.  Tangcntal  section  near  surface  Y^S^t-  Specimens  7-10 
from  Milton,  Indiana. 

Explanation  of  plate  xxxv. 

Figs.   I  -6a,  Dekayella  cystata  n.  sp p.  ^^ 

Figs.  I  and  2.  Views  of  portions  of  two  zoaria,  natural  size, 
showing  general  shape  of  zoarium  and  character  of  monti- 
cules. 

Fig.  3.     Tangental  section  near  surface  of  2. 

Fig.  4.     Longitudinal  section  of  2. 

Fig.  5.     Tangcntal  section  of  i. 

Figs.   6   and   6a.     Longitudinal    sections   of    i.    showing    cysti- 
phragms.     Locality — Vevay.  Platystrophia  zone. 
Figs.  "^-S,  Eridotrypa  vcvaycnsis  n.  sp p.  35 

Fiff.  7.     Longitudinal  section  showing  two  mature  zones. 

Fig.  8.  Tangental  section  from  same  individual  X50  showing 
thick  walls,  mesopores  and  absence  of  acanthopores.  Lo- 
calitv. — Vevav  (No.  i^V 
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THE   CLEVELAND   WATER   SUPPLY   TUNNEL. 


Since  1896,  the  city  of  Clevelatid,  Ohio,  has  been  eng;aged 
in  constructing  a  new  water-works  funnel  under  lake  Erie, 
for  the  piirjiose  of  securing  a  sufficient  and  better  supply  of 
water.  During  tlie  construction  of  this  tunnel  the  geological 
features  have  been  noted  from  time  to  time.  These  observa- 
tions, with  the  records  of  an  older  timnel,  are  here  presented 
to  the  Americ.\n  Gkoujctst.  The  object  of  this  paper  is 
to  present  the  observations  made  and  results  shown,  without 
in  any  way  touching  on  theoretical  ground. 

The  Tunnel. 

The  new  tunnel  commences  on  the  east  side  of  the  liver 
niouth  about  two  and  one  half  miles  east  of  the  Public 
Square,  and  extends  in  a  northwest  direction  under  the  lake. 
Its  length,  from  the  shore  to  the  permanent  steel  intake 
crib  is  26,000  feet.^a  trifle  short  of  five  miles. 

The  bottom  of  the  tunnel  is  100  feet  below  the  lake  level 
at  the  shore,  and  no  feet  below  at  the  intake  crib.  This 
gives  a  slope  of  two  feet  jier  inilc  to  lakeward.     The  depth 
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of  water  at  the  shore  is  thirty-seven  feet;  and  at  the  lake 
end,  fifty-seven  feet.  The  tunnel  is  nine  feet  in  diameter 
in  the  clear,  and  is  lined  throughout  with  three  courses  of 
brick.  Two  temporary  cribs  were  sunk  in  the  lake  over 
the  line  of  the  tunnel  to  facilitate  the  construction,  the  work 
prc^essing  in  each  direction  from  the  cribs  and  from  the 
shore. 

l"he  construction  of  this  tunnel  was  begun  in  October, 
1896,  and  it  is  expected  to  be  completed  about  a  year  from 
the  present  time.  Its  capacity  will  be  175,000,000  gallons 
in  twenty -four  liours. 

The  Geological  Features. 

The  entire  length  of  the  tunnel  has  been  in  a  sedimentary 
deposit,  of  very  fine  stratified  blue  clay.  This  seems  to  Iv  of 
similar  formation  to  the  clay  forming  the  bluffs  along  lake 
Erie,  and  which  has  been  named  by  Newberry  the  Erie  blue 
clay.  In  the  workings  of  the  tunnel  this  clay  has  been  found 
to  be  stratified  throughout  by  innumerable  very  thin  strata 
of  dry  quicksand.  While  the  entire  deposit  is  built  up  of 
alternating  strata  of  quicksand  and  clay,  yet  there  are  some 
strata  more  distinctly  defined  than  others.  The  strata  of 
clay  varj-  in  thickness;  but  what  appear  to  be  the  best  de- 
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veloped  strata  of  clay  range  from  about  three-fourths  of  an 
inch  to  one  and  one-half  inches  in  thickness,  or  even  more. 
This,  however,  is  only  the  general  appearance;  for  a  closer 
observation  shows  that  these  strata,  and,  in  fact,  the  entire 
body  of  clay,  may  be  subdivided  by  bands  of  quicksand  as 
mentioned  above. 

Some  of  the  deposits  of  quicksand  are  plainly  observable, 
as  those  which  separate  the  clay  into  layers  of  about  one  inch 
ill  thickness.  The  thin  seams  of  quicksand  separating  the 
cla3'  vary,  but  they  seldom  measure  three-sixteenths  of  an 
mch  in  thickness.  The  general  thickness  of  the  quicksand 
IS  from  a  sixty-fourth  of  an  inch,  or  less,  to  an  eighth  of 
an  inch.  Often  the  seams  are  so  fine  that  they  are  not  vis- 
ible to  the  unaided  eye.  But  taking  the  clay  and  pulling  it 
at  right  angles  to  the  line  of  stratification  will  divide  it  per- 
fectly along  the  strata  as  if  cut  with  a  knife.  At  times 
sheets  of  clay  from  one  to  several  inches  in  thickness  fall 
from  the  roof  of  the  tunnel  like  broad  strips  of  rubber  belt- 
ing. The  clay  is  very  tenacious  and  can  be  peeled  off  the  roof 
bv  the  yard  in  almost  anv  desired  thickness,  like  the  bark 
from  a  tree. 

The  strata  are  horizontal  in  the  greater  part  of  the  work- 
ings, but  places  are  found  where  they  have  been  more  or 
less  disturbed  by  wave  action.  Some  places  show  cross  bed- 
ding, and  others  are  much  folded. 

In  no  place  has  anything  but  stratified  material  been 
found,  and  that  of  the  finest  composition.  At  a  few  places 
fine  sand  has  been  found :  but  the\-  appear  mainly  as  pock- 
ets. The  amount  of  quicksand  which  enters  into  the  compo- 
sition of  the  body  of  the  clay  varies  somewhat  from  point  to 
point ;  but  where  more  than  the  normal  amount  is  present  it 
becomes  what  is  termed  "short,"  i.  e.  it  breaks  readily  and  is 
not  easily  supported  by  the  compressed  air. 

It  may  be  stated  here  that  all  work  is  done  under  a  press- 
ure of  about  two  atmospheres.  This  supports  the  clay  in 
the  roof  and  keeps  it  from  coming  in  at  the  face,  besides 
keeping  in  check  the  gas  which  is  found  more  or  less  througii- 
out  the  clay. 

The  following  analyses  were  made  by  Prof.  A.  W.  Smith, 
of  the  Case  ScluxM  of  Applied  Sciences,  Cleveland.     No.  i  is 
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quicksand,  7,900  feet  from  the  shore.     No.  2  is  clay   from 

the  same  place.    No.  3  is  clay,  19,600  feet  from  the  shore. 

No.  1.  No.  2.  No.  3. 

Combined  water H2O 6.40  7.60  7.57 

Total   silica Si02 62.50  60.60  53.53 

Quartz  or  free  silica 29.3          32.5 

Alumina AlaOs 11.30  16.20  23.76 

Iron  oxide FejOa 6.52  2.60  215 

Calcium  oxide CaO 7.25  5  05  7.16 

Magnesium  oxide MgO 1.75  3.00  3.06 

Potassium  oxide K2O 2.20  2.20  .24 

Sodium  oxide NaaO 1.30  1.01  .46 

Sulphuric  anhydride SOa 27  .72  1.63 

Carbonic            *•        CO2 15  .32  .64 

Titanium  oxide Ti02 60  .27  .20 

100.24  99.57        J  00.40 

Glacial  Material. 

Quite  a  number  of  fragments  of  rock,  both  glaciated  and 
unglaciated,  have  been  foimd.  None  of  these  have  exceeded 
eighteen  inches  in  longest  diameter,  the  majority  being  much 
smaller.  None  have  been  much  less  than  two  inches  in  diam- 
eter. Many  were  more  or  less  rounded  and  smoothed  by  the 
action  of  water;  some  were  very  roughly  angular,  showing  no 
glacial  or  water  action  at  all:  others  showed  very  perfect 
and  deep  stride  on  two  or  more  sides. 

The  distribution  of  the  rock  fragments  has  been  quite  uni- 
form, but  somewhat  more  frequent  near  the  shore  than  a  few 
miles  out.  At  no  place  could  they  be  said  to  be  plentiful. 
They  varied  much  in  material ;  many  were  syenites,  and,  with 
the  exceptions  of  the  shales  and  sandstones,  they  were  of  for- 
eign origin.  Though  fine  gravel  or  coarse  sand  was  found  in 
a  few  places,  it  is  a  noticeable  fact  that  the  rock  fragments 
and  the  gravel  (or  more  properly  sand)  did  not  grade  into 
each  other. 

An  Old  River  Channel. 

The  records  of  the  Cleveland  Water  Works  Department 
in  Volume  16,  contain  some  interesting  information  in  regard 
to  the  two  nearly  parallel  tunnels,  each  about  one  mile  and  a 
quarter  in  length,  which  are  now  in  use,  completed  respectively 
in  1874  and  1890,  situated  close  west  to  the  Cuyahoga  river 
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mouth.  In  the  construction  of  one  of  these  tunnels,  what  was 
apparently  the  channel  of  the  old  Cuyali<^;a  was  found  at  a 
depth  of  about  eighty-five  feet  below  the  surface  of  the  lake. 

A  description  of  the  preglacial  valley  of  the  Cuyahoga 
river  was  given  in  the  American  Geologist,  September, 
1897.  By  way  of  explanation  to  the  following,  it  may  be 
stated  that  the  records  of  numerous  wells  drilled  in  Cleveland 
and  vicinity,  show  a  deep  V-shaped  preglacial  valley  empty- 
ing into  lake  Erie.  The  deepest  part  of  this  old  valley,  as 
determined  by  its  rock  walls  and  bottom,  is  about  three  and 
a  half  or  fcur  miles  east  of  the  present  mouth  of  the  river, 
and  has  a  depth  of  about  450  feet  below  the  lake  level.  The 
east  side  of  this  old  valley  is  quite  abrupt.  From  the  deepest 
part  its  west  side  rises  gradually  and  outcrops  a  short  dis- 
tance beyond  the  mouth  of  the  river.  This  preglacial  valley 
has  been  traced  back  from  the  lake  front  about  nine  miles.  It 
i?  now  entirely  filled  with  a  sedimentary  deposit,  over  and 
through  which  the  present  river  flows.  It  is  probably  in  this 
deposit  which  extends  under  lake  Erie  that  the  old  river  course 
was  discovered.  This  old  channel,  which  is  described  below, 
is  over  eighty  feet  below  the  present  lake  level. 

The  best  idea  is  obtained  from  a  part  of  the  report  of  \':\- 
lure  16,  as  follows  : 

"When  the  test  holes  were  bored  in  the  clay  along  the  line 
of  the  tunnel,  care  was  taken  to  sink  them  far  enough  away 
from  the  proposed  line  to  avoid  any  danger  of  running  the 
tunnel  near  them,  in  case  the  crib  could  not  be  located  upon 
the  spot  designated.  The  outer  boring  was  made  about  300 
feet  westerly  from  the  crib,  and  the  clay  brought  up  was  of 
the  best  quality  for  tunneling  in :  and  that  under  the  crib  is 
believed  to  be  only  a  pocket  or  narrow  valley  in  the  original 
deposit,  subsequently  filled  by  clay  sediment,  and  not  yet  solid- 
ified, though  having  precisely  the  same  appearance  as  the 
harder  clay  when  dried.  In  Iniilding  the  shore  end  of  the 
tunnel  two  such  deposits  were  passed  through,  the  soft  de- 
posits first  api;)earing  at  the  top  of  the  excavation,  and  inclin- 
ing at  such  an  angle  that  after  digging  but  a  few  feet  the  whole 
excavation  was  in  this  soft  clay ;  this  w^as  continued  ( with  the 
exception  of  a  narrow  ridge  or  island  of  hard  clay  reaching  to 
about  the  center  of  the  tunnel )  for  a  distance  of  about  300  feet 
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when  the  hard  clay  was  again  met  with  at  the  bottXDm  of  the  ex- 
cavation, and  leaving  the  soft  clay  at  an  angle  inclined  in  an 
opposite  direction  from  that  in  which  it  was  entered.  The 
second  deposit  of  this  character  was  entered  and  left  the  same 
as  the  first,  the  second  being  a  little  longer  than  the  first. 

"The  horizontal  direction  of  the  first  deposit  was  from 
southeast  to  northwest,  and  that  of  the  second  deposit  was 
from  southwest  to  northeast,  the  sides  forming  what  appear  to 
have  been  the  banks  of  an  old  water  course.  The  clay  under 
the  crib  being  the  same  as  found  nearer  shore  in  this  valley 
leads  to  the  belief  that  it  rests  on  the  dejKDsit  filling  this  old 
channel.'' 

The  soft  material  on  which  this  crib  rests  is  well  shown 
in  the  fact  that  during  a  storm  shortly  after  it  was  placed,  it 
sank  eleven  feet  in  one  night,  and  has  settled  over  thirteen 
feet  in  all. 

The  clay  through  which  both  the  old  tunnels  were  exca- 
vated is  reported  to  have  been  unstratified,  except  at  the  lo- 
<:alities  noted  as  parts  of  an  old  river  channel.  But  the  new 
tunnel  passes  all  the  way,  nearly  five  miles,  in  stratified  clay; 
and  the  shaft  at  the  new  intake  crib  was  wholly  in  stratified 
clay  from  the  lake  bed  to  the  lx)ttom  of  the  tunnel,  fifty-three 
feet.  The  old  tunnels  are  at  the  upper  part  of  the  western  as- 
cending slope  from  the  submerged  continuation  of  the  pre- 
glacial  and  diiJt-filled  Cuyahoga  valley;  and  the  new  tunnel 
lies  nearly  at  the  center,  though  not  the  deepest  part,  of  that 
Millev. 


EDITORIAL  COMMENT. 


rUNDAMP:NT.\L  CHANGES  IN  THE  ARCHEAN  AND  ALGONKIAN,  AS 
UNDERSTOOD  BY  PROF.  VAN  HISE  OF  THE  UNITED 
STATES    GEOLOGICAL    SURVEY. 

The  following  extracts  are  from  the  twenty-first  annual  re- 
port of  the  I'nited  States  Geological  Survey,  part  3,  pp.  317 
and  402,  1901.  Their  bearing  on  the  differences  that  exist  con- 
cerning these  rocks  between  the  United  States  and  the  Min- 
nesota surveys  is  apparent  to  those  who  have  been   familiar 
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with  the  course  of  investigation  of  the  geology  of  the  Lake  Su- 
perior region. 

"The  foregoing  papers*  render  it  unnecessary  for  me  here  to  take 
up  the  general  stratigraphy  of  the  lake  Superior  region.  However,  our 
work  north  of  lake  Superior,  in  northeastern  Minnesota  and  Canada, 
has  upon  two  points  modified  our  published  conclusions  as  to  succes- 
sion and  correlation.  Those  who  compare  this  paper  with  other  pa- 
pers will  note  two  important  modifications.  First,  the  Archean  has 
heretofore  been  supposed  to  be  composed  wholly  of  igneous  rocks,  no 
sediments  having  been  recognized  in  this  divsion  of  the  pre-Cambrian. 
The  north-shore  work,  however,  makes  it  very  probable  that  certain 
of  the  sedimentary  iron-bearing  formations  must  be  included  in  the 
Archean.  As  examples  of  such  are  the  productive  iron  formatior.s  of 
the  Vermilion  and  Michipicoten  districts.  This  modification  is  im- 
portant from  a  theoretical  point  of  view,  since  it  will  make  changes  nec- 
essary in  my  general  definition  of  the  Archean  and  of  the  Algon^ian. 
The  Algonkian  has  been  defined  to  include  all  pre-Cambrian  sediment- 

* 

ary  rocks.  The  Archean  has  been  defined  to  include  all  pre-Algonkian 
rocks,  and  has  been  supposed  to  contain  igne;ous  rocks  only,  lliese 
definitions  must  be  modified  so  as  to  include  in  the  Algonkian  all  prc- 
Cambrian  series  which  are  dominantly  of  sedimentary  origin  or  e<iuiv- 
alent  in  age  with  those  which  are  dominantly  of  sedimentary  origin. 
The  Archean  must  be  defined  to  comprise  the  rocks  older  than  the 
Algonkian  which  are  dominantty  of  igneous  origin,  but  which  may  in- 
clude subordinate  amounts  of  sediments.  Recent  work  in  northv.est- 
crn  Europe,  and  especially  in  Scotland,  Scandinavia  and  Finland,  where 
the  ancient  rocks  are  best  exposed  in  Europe,  shows  that  these  m'->di- 
fications  in  the  definitions  of  the  Archean  and  Algonkian  are  also  there 
applicable.  The  changes  are  quite  in  line  with  what  might  be  expected, 
for  in  recent  years  no  one  feature  in  geological  advance  has  been  more 
significant  that  the  sweeping  away  of  sharp  dividing  lines  betwcn  the 
various  periods. 

"Second,  the  iron-bearing  formations  of  the  Vermilion  and  similar 
districts  I  have  heretofore  regarded  as  Lower  Huronian.  In  placing 
thc^c  formations  in  the  Archean  I  recognize  three  series  in  which  pro- 
ductive ore  formations  are  found,  the  Upper  Huronian,  the  Lower  Hur- 
onian. and  the  Archean. 

**  The  evidcrcc  upon  which  these  modifications  of  my  opinion  con- 
cerning ilic  Lake  Superior  stratigraphy  are  based  cannot  be  her**  prc- 
scnicd  ill  detail.  It  will  bo  fully  given  in  a  monograph  on  the  Vermil- 
ion di-trict  tn  he  published  later.  In  general  it  may.  however,  be  slated 
il;.it  Dur  work  in  the  Wrniilion  district  of  Minnesota  and  on  the  Canad- 
ian Mde  of  tl  e  intcrnaiiornl  1  oundary  has  convinced  us  that  banils  of 
>edin  eniarv  :ron-l)earing  herniation  are  interstratified  with  the  uppiT 
part  of  the  oldest  series  (A  the  Lake  Superior  region,  composed  of 
green-tone'<.  greenstone  schists  and  tuffs,  although  the  thick  prodnrtive 
l)ed>  i^i  the  Areliean  appear  to  rest  upon  the  greenstones  and  green- 
stone schists."  ****♦♦* 


•  .A  list  of  the  publications  ol  the  United  States  Geuloj^ical  Survey  respect- 
ing the  lorniations  and  iron  ure«  ot  lake  Superior,     [n.  h.  w.] 
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The  succession  of  formations  above  given  differs  from  that  which  T 
supposed  would  be  found  before  the  V^ermilion  district  was  studied  in 
detail.  I  had  supposed  that  the  Animikie  series  was  equivalent  to  the 
series  here  placed  in  the  Lower  Huronian.  When  the  relations  v-ere 
first  studied  in  the  field  by  the  members  of  the  United  States  Geolog- 
ical Survey,  Mr.  Clements  and  Mr.  Leith  thought  that  the  relations 
of  the  two  series  was  those  of  unconformity.  When  I  reached  the  field 
later  and  saw  the  same  facts,  I  was  inclined  to  believe  that  the  phenom- 
ena were  more  likely  to  be  explained  by  overlap.  However,  in  the 
season  of  1900,  when  Mr.  Leith  l>egan  studies  upon  the  Mesabi  district, 
he  showed  that  the  Mesabi  series,  which  is  undoubtedly  the  equivalent 
of  the  Animikie  scries,  with  gentle  inclination  rests  unconforinably 
upon  vertical  slates  and  conglomerates  equivalent  to  the  Knife  Lake 
slates  and  Ogishke  conglomerates.  I  have  therefore  no  doubt  that  the 
correct  interpretation  of  the  phenomena  in  the  Vermilion  district  is 
that  of  unconformity  "between  the  Animikie  series  and  the  Lower  Hu- 
ronian series. 

"Before  closely  studying  the  Vermilion  district  in  the  field,  suppos- 
ing the  two  series  to  be  the  same,  I  also  thought  it  probable  that  the 
iron-bearing  formation  of  the  Vermilion  would  turn  out  to  be  the 
equivalent  of  the  Lower  Huronian  iron-bearing  formation  of  the  south 
shore  of  lake  Superior  in  the  Marquette  district.  But  very  careful  \.ork 
by  Messrs.  Clements.  Merriam,  Leith  and  myself  has  failed  to  discover 
any  great  structural  break  between  the  Soudan  formation  and  the  great 
Ely  greenstone  formation  which  is  undoubtedly  Archean.  Therefore 
we  now  recognize  an  iron-lx^aring  formation  in  the  Archean.  Here, 
as  elsewhere  in  the  Lake  Superior  region;  there  is  great  unconformity 
between  the  basal  Archean  complex,  consisting  mainly  of  granites, 
gneisses,  greenstone  schists,  and  greenstones,  but  containing  subordinate 
amounts  of  sediments,  and  the  sedimentary  series  of  the  Lower  Hu- 
ronian." 

These  modifications,  barring"  differences  of  nomenclature, 
constitute  an  important  step  toward  concordance  respecting  the 
general  geological  structure  of  northeastern  Minnesota,  be- 
tween the  L^nited  States  and  the  Minnesota  surveys.  The  s^udv 
and  interpretation  of  the  geolog\'  of  the  Lake  Superior  region, 
and  of  the  iron  ores  found  on  both  sides  of  that  great  depress- 
ion, is  a  ver}'  arduous  and  complicated  undertaking.  Then  is 
no  reason  to  expect  complete  agreement  between  the  observers 
who  work  on  the  diflferent  parts  of  the  problem,  even  when  they 
examine  the  same  facts  at  distant  points.  Northern  Minnesota 
is  a  district  in  which  the  oldest  rocks  can  be  studied  with  ex- 
ceptional ease.  The  classification  which  may  be  ultimately 
evolved  when  they  are  fully  worked  uj),  in  connection  with  the 
adjacent  portions  of  Canada,  will  be  likely  to  stand  for  many 
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years  as  the  American  standard  for  those  rocks.  There  is  no 
doubt  that  numerous  errors  will  be  committed  in  the  first  an- 
nouncements by  the  various  surveys,  and  by  the  partial  investi- 
gators, necessitating  modifications  when  they  shall  be  discov- 
ered. It  is  to  be  hoped  that  all  will  be  as  ready  to  a».lmit 
changes  in  their  interpretations  when  convinced  of  error,  as 
is  Prof.  Van  Hise.  At  a  future  occasion  the  writer  will  perhaps 
call  attention  more  in  detail  to  the  effect  of  these  modificaticns. 

N.  H.  W. 


REVIEW  OF  RECENT  GEOLOGICAL 

LITERATURE. 


A    Treatise  on  Zoology.     Edited   by   E.   Ray   Lankester.     Part  III. 

The  Echinodcrma,  by  F.  A.  Bather,  assisted  by  J.  W.  Gregory  and 

E.  S.  Goodrich.  (A.  and  C.  Black,  London,  igoo.  pp.  i-viii,  1-344.) 

The  student  of  zoology,  if  he  wishes  an  elementary  text-book,  finds 

as  great  difficulty  in  making  his  selection  as  he  does  in  buying  a  new 

bicycle  or  typewriter.     Apparently  the  more  advanced  student  will  not 

be  thus  hampered  hy  an   embarra^^mcnt  of  riches,   for   it   is   doubtful 

whether  any  work  aims  as   high   and  attains  as  much   as   the   volume 

under   review. 

The  average  worker  who  has  added  somewhat  to  his  prin'iary 
zoological  training  finds  it  a  dreary  and  often  fruitless  performance 
to  extract  the  new  facts  of  science  or  the  ])resent  state  of  knowledge 
on  any  particular  topic  from  the  almost  endlci^s  collection  of  **ele  nent- 
ary"  text-books,  no  matter  how  valuable  they  may  be  in  fulfilling  their 
true  function.  It  is  almost  eciually  tiresome  to  sift  out  the  same  in- 
formation from  the  great  mass  of  technical  papers  on  particular 
things.  The  present  volume  supplies  in  a  large  degree  this  deficiency 
for  the  Echinoderm.'i.  and  is  a  most  welcome  addition  to  general 
zoological  literature.  The  entire  series  is  planned  to  include  ten 
])arts.  of  which  this  is  the  third.  Each  of  the  larger  groups  of  an- 
imals is  to  be  described  by  a  separate  author  after  a  definite  model,  in 
order  to  secure  uniformity  both  in  scope  and  method. 

The  general  systematic  survey  of  the  phylum  Echinoderma,  with  its 
seven  classes,  is  quite  full  and  comprehensive  and  includes  the  main 
facts  of  ontogeny,  phylogeny,  anatomy,  and  classification.  The  orders 
and  families  are  all  clearly  defined  and  most  of  the  prominent  genera 
are  reviewed  and  mentioned.  One  of  the  striking  features  of  this 
volume   is  the   fullness   with   which   the   fossil    forms  are   treated,   thus 
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according  them  their  true  vahie  in  any  general  treatise  on  echino- 
derm  morphogeny.  Instead  of  the  starfishes  and  sea-urchins  con- 
stituting the  entire  program,  or  "whole  show,"  as  they  do  in  the  minds 
of  the  average  student  and  in  half  of  the  text-books,  here  they  form 
but  the  last  two  of  the  seven  classes  recognized,  and  the  length  of  their 
discussion  is  in  proper  proportion.  It  is  sincerely  to  be  hoped  that 
similar  true  values  will  l)e  given  among  other  classes,  whether  ex- 
tinct or  not. 

The  phylum  Echinoderma  comprises  two  divisions  or  grades,  the 
Pelmatozoa  and  the  Eleutherozoa.  In  the  first  are  the  classes  Cys- 
tidea,  Blastoidea,  Crinoidea,  and  Edrioasteroidea.  In  the  second 
grade  are  the  Holothuroidca,  Stelleroidea,  and  Echinoidea.  This  ar- 
rangement shows  the  unequal  value  of  the  classes  and  does  not  ex- 
press their  phylogenetic  relations.  The  latter  probably  would  be  more 
truly  represented,  according  to  Bather,  by  placing  a  primitive  class, 
Amphoridca.  at  the  base  and  deducing  from  it  several  lines  of  de- 
scent :  namely,  Edrioasteroidea,  Anomalocystida,  Aporita.  Rhombifera, 
and  Diploporita.  From  the  Edrioasteroid  line,  it  is  supposed,  there 
sprang  first  Hoiothurians,  then  Stelleroidea,  then  Echinoidea.  The 
blastoids  are  included  in  the  Diploporite  line,  and  from  them  as  a 
fresh  development  with  a  new  lease  of  life  arose  the  important  class 
Crinoidea.  whose  discussion  occupies,  as  is  wholly  proper,  nearly  one- 
third  of  the  present  volume. 

The  class  Stelleroidea  comprises  the  Asteroidca  and  Ophiuroidea, 
generally  considered  as  quite  distinct.  Some  recent  genera,  however, 
and  many  of  the  fossil  forms  show  that  no  clear  line  of  sepantion 
can  be  drawn,  though  the  names  are  still  retained  for  simple  coi'ven- 
ience. 

The  usual  primary  subdivisions  of  the  Echinoidea  into  two  sub- 
classes, the  PaKxechinoidca  and  Euechinoidea,  have  been  abandoned 
and  the  older  divisions  Regularia  and  Irrcgularia  adopted.  The  prim- 
itive ancestral  Echinoid  is  unknown,  though  it  is  evident  that  the  first 
forms  wore  small  sac-like  bodies,  with  the  mouth  and  arms  at  oppo- 
site poles  and  the  muscular  body  supported  by  a  series  of  angular 
plates,  of  which  five  pairs  were  perforated  by  pores.  The  thickening:  of 
the  plates  and  the  consequent  loss  of  flexibility  is  believed  to  explain 
the  reduction  in  the  number  of  vertical  rows  takimj  place  in  the  passage 
from  paleozoic  to  neozoic  genera.  c.  E.  P. 

Recently   Discovered  Hxtiiiet   I'ertehrates  from    E^yfyt.    By   Chas    W. 

Andrews.  D.  Sc.  F.  G.  S..  of  the  British  Museum.     C^hc  Gef)lojrJcal 

Magazine,  September  and  October,  1901.) 

Nortlurn  Africa  has  long  been  regarded  with  peculiar  interest,  for 
the  reason  that  the  geographical  distribution  and  stage  of  development 
of  many  Recent  and  C'en<3zoic  vertebrates,  gave  evidence  that  Africa 
was  a  centre  in  which  they  evolved  and  from  which  they  migrated. 
Through  the  courtesy  of  the  Egyptian  Survey,  Mr.  Andrews  has  vis- 
ited the  Libyan  desert,  with  eminently  satisfactory  results. 

The  formations  extend  fron  Eocene  through  Pliocene,  and  contaiti 


390  The  American  Geologist,  December,  looi 

a  large  number  of  fossiliferous  horizons.     Mammals,  reptiles,  turtles, 
crocodiles,  and  fishes  were  found  in  large  numbers. 

Among  the  most  interesting  of  these  discoveries  is  a  (presumably) 
Lower  Oligoccne  proboscidian,  for  which  Mr.  Andrews  proposes  the 
name  Palaeomastodon  beadnelli.  The  Proboscidia  are  a  most  c^:tra- 
ordinary  group  in  point  of  specialization,  their  tooth  and  foot  struct- 
ure being  unique  in  the  animal  kingdom.  The  Lower  Miocene  of 
Europe  has  long  been  noteworthy  for  the  first  appearance  of  the  group 
in  a  highly  specialized  form,  Mastodon  angustidcns.  It  is  of  great 
interest  to  find  that  Palaeomastodon  presents  a  tooth  structure  of  much 
greater  simplicity  and  more  generalized  type  than  this  most  pri^intive 
previously  known  prolx)scidian.  Other  members  of  the  group  were 
found,  and  we  may  henceforth  look  upon  northern  Africa  as  their  cen- 
tre of  radiation. 

The  evolution  of  the  African  fauna  is  entirely  independent,  the 
animals  differing  from  those  found  in  deposits  of  the  ssame  age  in 
Europe.  The  existence  of  a  large  and  long  isolated  land  area  t'^  the 
south  is  thus  indicated.  i.  h.  r». 

Uchcr  die  Entunck chins,  dcr  Silnrischen  Scdimcnte  in  Bohctn  und  in 
Sudzi'cstcn  Europas,  von   Fritz   Frech,  niit  6  fig.    (Neuen   Jahrbuch 

fiir  Mineralogie  etc.,  Jahrg.     1899,  Bd.  ii.) 
This  article  collates  from  various  sources   (the  works  of  Barrande 
Bergen m    Barrios    Broggcr,    etc.)     information    gathered    as    to    the 
changes  of  tlie   Silurian  and   Cambrian   sediments   in   various   parts  of 
western    Eiirc^pc. 

The  aiilli'jr  describes  a  continental  area  extending  from  norti.  of 
Boluniia  througli  France  and  Spain  where  no  upper  Cambrian  i-edi- 
nients  have  been  found  as  separating  two  marine  areas  in  the  N.  W.  of 
and  the  S.  E.  of  Europe  respectively.  Over  this  island  by  transgression 
in  Lower  Ordovician  time  tlic  sea  gradually  spread  introducing  the 
great  Asaphi  and  eventually  the  Calynunenid^c  into  areas  which  prev- 
iously had  only  coarse  sediments,  conglomerates,  grauwackes  and 
coarse  sandstones.  The  depro^ion  went  on  imtil  abysmal  forms  like 
the  graptolites  and  the  radiolarians  api)carcd  and  spread  over  wide 
areas,  especially  in  F.ngland,  France,  and  the  eastern  Alps  as  well  as 
the  northwestern  or  Scandinavian  sea  of  that  period.  The  article  dis- 
cusses and  approves  of  Dr.  Brt'^gger's  determinations  of  the  equi/alent 
of  the  Ceratopyge  fauna  (Tremadac)  with  his  interpretation  of  the 
genera  mentioned  in  the  works  of  Barrois,  Bergeron,  Salter  and  ethers 
who  have  studied  the  faunas  of  this  period  of  Pakxozoic  time. 

G.    K.    M. 
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CORRESPONDENCE. 


When  was  the  Mississippi  River  Valley  Formed?  The  age  of 
the  Mississip|)i  river  seems  to  be  sometimes  a  question.  On  the  flood 
plain  and  along  the  bluffs  at  Clinton  and  Davenport,  Iowa,  and  at 
numerous  other  places  are  deposits  of  the  Carboniferous  like  the  un- 
der clay  of  the  Illinois  coal  fields,  evidently  remnants  of  the  lower 
coal  formation  which  was  deposited  and  then  swept  away  by  the  river 
when  an  elevation  occurred.  The  town  plot  of  Clinton  is  filled  with 
these  pits,  which  are  uncovered  in  making  foundations.  Some  deep 
pits  were  excavated  in  making  the  foundations  for  the  Rock  Island 
government  works  some  years  ago. 

Prof  Hall  in  the  first  volume  of  Iowa  geological  reports  noticed 
this,  and  gave  some   figures.     One  was   shown   in  a  quarry  at   Rock 
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Island,  opposite  Davenport,  in  the  Le  Claire  limestone.  "In  the  riidst 
of  this  was  the  impression  of  a  large  Euomphalus  distinct  from  any 
known  in  the  surrounding  rocks  and  very  similar  to  a  Carboniferous 
form,  X  X.  The  conclusion  seems  therefore  irresistible  that  subse- 
quent to  the  uplifting  of  these  rocks  and  their  denudation,  the  mater- 
ials of  the  coal  measures  were  deposited  upon  the  surface  of  the  older 
rocks."*  He  cites  several  other  instances.  At  Clinton  these  pockets 
of  Carboniferous  clay  are  frequent  in  the  quarries  at  the  bluflF  and  in 
pits  found  in  every  direction  where  the  rock  is  uncovered  on  the 
town  plot.  The  crevices  and  cavities  in  the  quarries  were  filled  from 
the  top  about  fifty  feet  above  the  present  river.  In  one  observed  there 
was  a  chimney  opening  down  to  a  large  cavity,  extending  across  the 
quarry,  a  hundred  feet  or  more.  There  were  also  numerous  smaller 
pits  in  the  vicinity,  in  which  the  clay  looked  like  cannel  coal  and  had 
fragments  of  carbonized  wood  in  it.  The  larger  cavity  was  exca- 
vated for  pottery  clay.  There  were  no  fossils  found  except  some 
pieces  of  pryritized  wood.  The  darkest  material  put  into  the  fire 
turned  very  red  from  the  large  portion  of  oxide  of  iron.  A  large 
deposit  of  this  clay  was  found  at  the  foot  of  another  quarry. 

My  attention  has  been  called  several  times  to  indications  of  sup- 
posed coal  mines  in  the  deep  channels  of  streams  that  run  into  the 
river.  Pits  were  filled  with  coal-like  clay  similar  to  that  above 
described. 

The  openings  of  these  crevices  in  the  bluff  are  fifty  or  sixty  feet 
above  the  river,  575  feet  above  sea  level,  say  635  feet. 

This  shale  and  a  Carboniferous  sandstone  with  traces  of  Car- 
boniferous fossils  have  been  traced  into  Jones  county,  twenty  or 
thirty  miles  north.  In  fact  it  has  been  found  in  counties  farther 
north.  The  flood-plain  of  the  Mississippi  at  Clinton  is  200  feet  be- 
low the  prairie  level.  A  subsidence  of  a  hundred  feet  would  cover 
these  deposits.  At  Rapids  City,  thirty  miles  below  Clinton,  coal  is 
mined,  its  undcr-clay  resting  on  the  Niagara  rock  on  a  level  with  the 
flood-plain  of  the  river.  The  subsidence  of  a  hundred  feet  allowed 
the  Carboniferous  sea  to  flow  up  the  river  valley  and  cause  the  de- 
posit of  the  Carboniferous  material  of  that  period.  It  is  therefore 
obvious  that  the  valley  is  pre-Glacial   by  a  long  period. 

The  record  is  much  more  ancient.  It  has  been  demonstrated  that 
the  original  surface  of  Iowa  was  furrowed  by  deep  channels  and  great 
denudation,  probably  in  the  Devonian  age.  Deep  wells  300  feet  or 
more  in  the  drift,  and  mounds  capped  with  the  Niagara  limestone 
near  Dubuque  and  Galena,  arc  evidences  of  the  great  erosion.  The 
singular  region  called  the  driftless  area  in  the  comer  of  Iowa  and 
Wisconsin,  is  probably  a  fair  representation  of  the  land  surface  of 
this  middle  west  in  Paleozoic  times.  This  driftless  portion  is  cut  into 
conical  hills  200,  300  and  even  500  feet  high,  divided  by  ravines  and 
canyons,   the  streams  of  which  have  cut  channels  down   to  the  level 
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of  the  Mississippi  valley  and  have  filled  up  fiords  at  their  mouths  of 
unknown  depth.  The  drift  has  covered  the  rest  of  the  country  higher 
than  these  hills. 

Spencer  has  demonstrated  from  the  deep  channels  at  the  mouth 
of  the  St.  Lawrence,  traces  in  the  gulf,  and  the  continuation  of  the 
Hudson  river  in  New  York  bay,  and  from  other  data,  that  the  east- 
ern part  of  the  continent  once  was  very  greatly  elevated,  when  its 
rivers  cut  deep  canyons  and  fiords  similar  to  the  canyon  of  the  pres- 
ent Colorado.  Then  a  depression  and  submersion,  out  of  which  not 
all  the  coast  was  raised. 

The  evidences  are  that  the  interior  of  the  continent  was  also  ele- 
vated after  the  Devonian  period,  and  was  washed  by  great  denuding 
and  erosive  floods.  The  Mississippi  valley  has  survived  as  the  great 
water  way  of  succeeding  ages,  while  others  have  been  filled.  This 
is  the  inference,  to  some  extent,  of  Prof.  Chamberlin,  who  says,  "the 
course  of  the  Mississippi  river  is  along  the  shore  of  the  Devonian  sea.* 
The  present  channel  of  the  Mississippi  is  from  100  to  200  feet  above 
its  ancient  bed.  A  deep  boring  at  La  Crosse  showed  sand  and  loose 
material  to  the  depth  of  147  feet.  Rock  river  at  Janesville  is  at  least 
250  feet  above  its  ancient  valley."  At  Clinton  soundings  for  the 
railroad  bridge  went  through  sand  and  gravel  80,  100  and  150  feet  to 
the  rock  l^elow  the  water.  The  ancient  channel  is  the  sand  plain  be- 
yond and  has  been  sounded  for  more  than  200  feet.  A  buried  ravine 
runs  through  the  town  plot  of  Clinton,  which  has  been  explored  for 
foundations  to  the  depth  of  100  feet  without  reaching  the  bed  rock. 
Prof.  Chamberlin  says,  "the  cutting  down  of  the  ravines  in  the  drift- 
less  area  began  in  the  early  Devonian  agcf  and  was  evidently  a  period 
of  elevation.  A  subsidence  took  place  at  the  beginning  of  the  Carlxjn- 
iferous  period,  and  to  such  an  extent  as  to  make  a  lagoon  or  placid 
bayou  of  the  river  valley  up  to  and  beyond  Dubuque.  In  this  quiet 
water  was  deposited  clay  and  vegetation  that  forms  coal.  Its  depth 
was  approximately  a  hundred  feet.  A  moderate  elevation  ensued 
which  brought  the  valley  to  its  present  level  and  the  coal  formation 
was  swept  away,  excepting  only  the  traces  left  in  these  fissures  and 
pits. 

The  most  interesting  geological  history  of  the  Mississippi  valley 
is  yet  to  be  written.  It  has  only  been  touched  on  here  and  there. 
It  was  a  great  river  on  an  elevated  plateau  on  the  Niagara  in  this 
vicinity,  at  the  close  of  the  Devonian  period.  It  fell  into  the  gulf  of 
Mexico  at  the  mouth  of  the  Ohio.  It  cut  a  broad  deep  valley  varying 
from  two  to  ten  miles  wide.  The  river  itself  is  wider  where  trib- 
utary rivers  check  the  current.  The  valley  grows  somewhat  narrower 
near  Dubuque,  above  which  it  has  the  same  depth  but  is  somewhat 
more  regular  in  its  outline.  It  is  thence  a  grand  Niagara  river  gorge 
on  a  grand  scale,  to  St.  Paul. 

The  glacial  era,  at  its  close,  left  its  marks  on  many  places  in  the 


•Wisconsin  report.^,  vol.  i,  p.  253. 
^Geology  of  Wisconsin,  vol.  i,  p.  153. 
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river  valley.  It  was  filled  with  ice  to  the  prairie  level.  When  the 
ice  melted  and  the  higher  land  appeared,  the  water  cut  new  channds 
along  the  border  in  many  places ;  notably  at  the  upper  and  lower 
rapids,  and  further  down.  The  "old  father  of  waters,"  has  not  had 
sufficient  time  or  force  to  deepen  these  channels.  It  is  on  these  in- 
complete cuttings  that  the  United  States  government  is  spending  large 
sums  of  money.  At  the  closing  up  of  the  ice-period  many  of  the 
tributary  streams  also  lost  their  old  courses  and  cut  new  ones.  This  is 
the  situation  of  many  of  the  rivers  of  Iowa  which  has  puzzled  ob- 
servers. P.  J.  Farnsworth. 
Clinton,  lozva,  Oct.  12,  J901. 

Recent  Decline  in  the  Level  of  Lake  Nicaragua. — About  a  year 
ago  (October,  1900),  Mr.  J.  Crawford  published  a  letter  in  the  American 
Geologist  in  which  criticism  is  made  of  Dr.  Heilprin's  claim  thai  the 
water-level  in  lake  Nicaragua  had  fallen  20  feet  between  the  years  1880 
and  1898.  In  the  course  of  his  criticism  Mr.  Crawford  says :  "If  be- 
tween 1880  and  1898  there  has  been  a  decline  of  20  feet  from  the  1880 
level  of  lake  Nicaragua  from  any  cause,  then  the  beach  marks  of  the 
1880  level  would  be  easily  found  along  the  borders  of  the  lake.  But 
there  is  no  such  evidence  to  be  found."  While  I  have  no  data  which 
would  enable  mc  to  discuss  the  time-element  in  controversy,  I  did  secure 
evidence,  during  my  visit  to  Nicaragua  in  1892-3.  of  a  comparatively 
recent  subsidence  of  the  level  of  lake  Nicaragua,  and  discussed  it  briefly 
in  a  paper  published  in  1896.* 

It  may  be  of  interest,  even  at  this  late  day,  to  quote  the  papvT  in 
question  : 

"'I'he  peculiar  exposure  of  which  notice  is  here  made  is  found  on  the 
Manuel  Varp:a^  ranch,  east  of  San  Carlos,  Nicaragua,  on  the  south  bank 
of  the  San  Juan  river.  The  river,  iiere  only  twelve  miles  from  the  cutlet 
of  lake  Nicaragua,  flows  due  east  and  cuts  into  a  terrace  on  the  southern 
shore,  forming  a  vertical  bank  whicli  gradually  rises  from  the  low  liver- 
boltr)ni  at  its  eastern  extremity,  and  reaches  a  height  of  more  than  fif- 
teen feet  at  the  western  extremity  of  the  shell-bearing  portion.  This 
bank,  for  one  hundred  yards  from  its  eastern  extremity,  consists  of  fine 
alluvium  which  is  literally  packd  with  L'nio  shells,  frequently  cemented 
together  by  calcareous  tufa  into  large  masses. 

"The  shell -bearing  portion  of  the  exposure  averages  about  twelve 
feet  in  height,  but  the  surface  of  the  ground  gradually  rises  back  from 
the  river,  and  shells  were  traced  along  the  surface  to  a  point  more  than 
one  hundred  and  fifty  feet  from  the  shore,  this  point  being  fiftee.i  or 
twenty  feet  above  the  river  which  had  then  (March  12th,  1893)  not  yet 
reached  its  lowest  stage.  This  indicates  a  total  thickness  of  the  deposit 
of  more  than  fifteen,  and  probably  not  less  than  twenty  feet. 

"There  are  three  species  of  Unio  in  the  series  of  shells  collected  from 
the  bank,  and  they  are  identical  with  living  species  found  now  in  the  mud 
of  the  river  at  the  foot  of  the  exposure.    Many  of  the  fossil  shells  still 

*BuJl  Lah.  Sni.  Htst.,  State  Univ.,  Iowa,  vol.iv,  pp.  94-95.  A  Nicuragnan 
Shell-bank. 
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have  their  valves  united  by  the  ligament,  and  not  a  few  are  in  a  vertical 
position,  showing  that  the  shells  had  been  deposited  in  situ.  Vhese 
species  are  now  found  living  in  abundance  in  the  river  in  the  mud  close 
to  the  shores,  and  the  fossil  shells  no  doubt  were  developed  under  ^im- 
ilar  conditions. 

"The  conclusion  naturally  follows  that  at  one  time  the  San  Juan 
river  and,  of  course,  lake  Nicaragua,  of  which  it  is  the  outlet,  had  their 
low  water  mark  more  than  fifteen  feet  above  the  present  level ;  that  the 
river  has  since  cut  through  the  eastern  barriers  to  its  present  level,  in 
its  downward  progress  gradually  depositing  an  oblique  sheet  of  shell- 
bearing  alluvium ;  and  that  the  level  of  the  lake  has  correspondingly 
fallen.  Lake  Nicaragua  is  today  more  than  one  hundred  feet  above  sea- 
level.  The  San.  Juan  river  therefore  has  sufficient  fall  for  further  ef- 
fective erosion,  which  is.  without  doubt,  going  on  at  an  increasing  rate, 
and  the  conclusion  seems  irresistible  that  the  lake  is  destined  to  a 
further  reduction  of  its  level,  and  a  still  further  contraction  of  its  area, 
and  that  within  no  distant  future ;  since  it  is  evident  from  the  compara- 
tively perfect  preservation  of  the  shells  alx)ve  mentioned  that  the  uhole 
shell-bank  is  a  very  recent  affair  indeed,  as  terrestrial  changes  go. 

'*In  view  of  the  attempted  construction  of  vast  public  works  along 
the  valley  of  the  San  Juan  river,  the  importance  of  this  conclui>i('n  is 
sufficiently  obvious. 

"While  the  lake  cannot  be  wholly  drained,  its  f^reatest  depth  being 
about  two  hundred  and  forty  feet  and  the  elevation  of  its  surface  above 
sea  level  being  one  hundred  and  ten  feet,  its  average  depth  is  such  that 
a  comparatively  slight  fall  in  its  general  level  must  cause  a  great  con- 
traction of  its  area — a  circumstance  of  much  importance  to  the  cities 
and  towns  along  its  shores. 

"The  building  of  the  propo.sed  great  Ochoa  dam  across  the  lower 
San  Juan  river  in  connection  with  the  construction  of  the  Nicaragua 
canal  is  probably  the  only  thing  that  would  arrest  this  erosion,  and 
would  secure  the  retenton  of  this  vast  and  important  inland  reservoir 
of  fresh  water." 

All  that  part  of  the  river  valley  lying  above  the  point  here  discussed 
was  evidently  at  no  remote  time  covered  by  the  waters  of  the  lake  which 
have  since  receded  to  San  Carlos  because  of  the  lowering  of  the  river 
channel  and  consequently  of  the  lake  level. 

The  deposit  of  shells  here  discussed  is  not  to  be  compared  witli  the 
shell  heaps  sometimes  found  along  shores,  but  was  evidently  formed 
gradually,  and  represents  an  old  L^nio  bed. 

In  considering  the  extent  of  the  change  in  the  altitude  of  the  water- 
level  in  the  lake,  which  is  shown  by  this  deposit,  it  must  be  borne  in  mind 
that  to  live  Unios  must  be  constantly  submerged,  and  that  therefore  the 
highest  portion  of  the  shell-bank  represents  what  at  one  time  was  less 
than  the  lowest  stage  of  water  in  the  lake.  It  is  true  that  these  I'nios 
(fresh  water  mussels)  are  capable  of  creeping  about  more  or  less,  but 
nowhere  do  whole  colonies  of  them  move  upward  with  the  floods,  to  be 
stranded  when  the  waters  again  recede. 
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Whatever  may  be  the  exact  dates  or  altitudes  involved,  it  is  certain 
that  the  waters  of  lake  Nicaragua  have  subsided  in  comparatively  recent 
years,  and  that  the  way  to  save  lake  Nicaragua  is  to  construct  the  great 
canal.  B.  Shimek. 

State  University  of  lozva,  Nov.  2S,  IQOI. 


PERSONAL  AND  SCIENTIFIC  NEWS. 


Dr.  H.  M.  A:mi,  of  the  Geological  Survey  of  Canada,  who 
sustained  a  rather  severe  injury  to  lis  left  amr  and  shoulder 
last  September,  from  a  fall  down  the  steep  cliff  at  Cap  a 
L'Aigle  below  Quebec  City,  is  sufficiently  recovered  to  resume 
his  official  duties  at  Ottawa. 

Dr.  I'lioMAS  L.  Walker^  of  the  Geological  Survey  of 
India,  and  formerly  lecturer  in  Toronto  University,  has  been 
appointed  professor  of  Mineralogy  and  Petrography  in'  the 
same  university.  Authorities  at  Toronto  University  have  not 
yet  selected  from  the  many  candidates  the  man  to  fill  the  vacant 
chair  of  Geolog}-  and  Paleontology. 

Gkologicat.  Society  of  Washington.  ,  On  November  13th 
the  following  program  was  presented  :  "Pyrite  and  Marca^.ite,'* 
H.  X.  Stokes;  **The  Geographic  Features  of  New  Mexico," 
R.  T.  Hill :  ''Occurrences  of  Petroleum  in  the  Northern  Rock- 
ies,'' r>ailey  Willis.  The  program  for  the  meeting  on  Nov. 
27tli  was  devoted  to  "The  (icology  of  Cuba,"  as  follows: 
"Physiography,"  C.  W.  Hayes;  "(general  geology  and  geologic 
history,"  T.  W.  Vaughan ;  "Fxonomic  Geology,"  A.  C.  Spencer. 

Lkiitgii  University  is  erecting  a  stone  laboratory,  90  ic.  by 
43  ft.  to  Ixi  used  in  connection  with  the  steam  engineering  work 
of  the  course  in  mechanical  engineering.  Next  fall  the  univer- 
sity will  offer  a  new  and  extended  course  in  electro-metallurgy 
— the  first  of  its  kind,  it  is  believed,  to  be  established  in  this 
country.  The  departments  of  ciyil  engineering  and  of  geology^ 
have  recently  receiyed  valuable  gifts  in  the  shape  of  surveying 
instruments,  mien  iscopes,  and  geological  specimens  for  the  mic- 
rosco])ic  study  of  rocks. 

In  N()\'EMiU':r  Dr.  T.  W.  Spencer  left  Toronto  with  Mrs. 
Spencer  to  s])end  seyeral  months  in  Mexico  and  Central  Amer- 
ica, intending  to  return  to  Washington  about  May  i.  The 
object  of  his  travels  is  to  make  further  investigation  of  the 
plateau  forms,  valleys  and  canons  for  the  purpose  of  compari- 
son with  the  drowned  features  of  the  West  Indian  region.  He 
had  ])reyi()usly  discovered  the  geological  canal  and  the  proof 
of  a  yery  late  Pleist:xx'ne  shallow  water  connection  l>et*veen 
the  piilf  of  Mexico  and  the  Pacific.     It  is  over  the  isthmus  of 
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Tehauntq^ec.  The  gravel  plain  of  tlie  floor  is  now  raised  up 
800  feet.  This  canal  is  a  mile  long,  150  feet  deep,  and  narrow, 
with  its  floor  covered  with  rounded  gravel,  which  merges  into 
a  terrace  on  the  gulf  side. 

Ax  Interesting  Intercollegiate  Excursion  of  teachers 
and  advanced  students,  under  the  guidance  of  professor  \V.  M. 
Davis,  of  Harvard  University,  was  made  on  October  I9tli  to 
the  river  terraces  in  the  Westfield  river  valley,  in  Massachu- 
setts. The  particular  aim  was  to  work  out  the  control  of  rock 
ledges  upon  the  distribution  and  topography  of  the  terraces. 
Forty-six  persons  were  present,  representing  twelve  institu- 
tions. The  success  of  the  trip  has  encouraged  its  promoters 
to  hope  for  others  in  1902,  to  bring  together  members  of  the 
various  higher  institutions  of  learning  in  Xew  England. 

The  Field  Work  of  the  1'irst  Year  Research  Colrse 
in  geology  at  Harvard  I'niversity,  for  this  year,  is  an  elabora- 
tion of  that  begun  two  years  ago.  At  ])resent  eighteen  men  are 
engaged  in  a  .^reological  survey  of  the  metropolitan  district  of 
Boston,  inchiding  the  Host;  n  Iiasin  and  its  surrounding  igne- 
ous and  sedimentary  rocks.  The  members  are  acting  as  volun- 
teer assistants  on  the  I'.  S.  Geological  Survey,  under  Dr.  T.  A. 
Jagger.  jr.,  as  a  regular  office  of  the  survey;  and  the  vvork, 
wiiich  is  based  upon  recent  detailed  topographic  mapping  of  the 
survey,  is  submitted  with  a  view  to  ultimate  publication  by  that 
organization,  as  folios  or  reports.  The  nine  field  parties  cover 
territory  stretching  from  Marblehead  on  the  north  to  Nantasket 
on  the  south,  and  from  the  ocean  west  to  Bedford  and  Dover. 

Gkological  Explorations  near  Athens.  The  British 
Museum  during  the  past  summer  has  obtained  some  im|X)rtant 
fossils  of  tertiary  mammals  at  Pikermi,  near  the  Marathon  road, 
about  twelve  miles  from  Athens.  The  specimens  were  found  at 
a  considerable  depth  below  the  bed  of  a  moimtain  torrent,  and 
were  so  jammed  together  that  evidently  the  animals  were 
buried  alive,  probably  by  torrential  action.  Alx)ut  fifty  years 
ago  l^r.  Albert  Gaudry  in  this  locality  obtained  a  great  number 
of  fossils  for  the  Paris  museuuL  Since  then  the  Vienna  acad- 
emv  lias  made  a  similar  collection  ;  but  until  the  present  year  the 
British  museum  had  sent  no  expedition  to  this  field.  Among 
the  principal  finds  were  numerous  bones  of  Hipparion,  the 
three-toed  pretlecessor  of  the  horse;  HcUadothcrium,  a  short- 
necked  girafife  allied  to  the  Oka  pi,  the  new  mammal  recently 
discovered  bv  Sir  Henry  Johnston  in  the  forests  of  the  Kongo- 
state:  several  skulls  of  Mastodon,  and  skulls,  teeth  and  bones 
of  the  great  saber-toothed  tiger  Machacrodus,  specimens  of 
which  have  been  found  in  England.  One  of  the  prizes  was  the 
remains  of  f)erhaps  the  largest  tortoise  ever  found  in  Europe. 
\>rv  few  bones  of  rodents  or  of  birds  were  found,  but  a  con- 
siderable collection  of  land  shells  was  obtained.     Dr.   A.   S. 
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-■  Woodward,  who  was  in  charge  of  the  excavation,  has  forward- 

ed to  the  British  museum  forty-seven  large  cases  of  fossils.— 
Nat.  Geog.  Mag, 

I  HAVE  BEEN  UNABLE  TO  OBTAIN  positive  prOOf  of  the  dis- 

*  \  covery  of  any  implements  used  by  man  in  gravels  covered  by 

so-called  lavas,  or  human  remains  in  auriferous  deposits  in 
place  in  any  part  of  California.  I  have  for  years  kept  this  mat- 
ter in  view  and  eagerly  sought  information  when  discoveries 
were  announced,  but  have  met  with  an  insurmountable  d'.^ubt 
when  the  evidence  was  carefully  investigated.  The  same  un- 
certainty applies  to  discoveries  made  at  the  bottom  of  veitical 

•.  shafts,  for  surface  objects  may  accidentally  fall  or  be  thrown 

into  them  purposely.  H.  G.  Hanks. 


INDEX  TO  VOL  XXVIll. 


American   meteorites   described.    265. 

American    I'hilos  )phlcal   Society.   317 

Ami,  11.  M.,  Bibliography  of  George 
M.  Dawson.  76 :  Billings  and  his 
bibliography.    132;    398. 

Andrews.  C  W.,  Recently  discov- 
ered extinct  vertebrates  from 
Egypt..    390. 

Announcement  of  the  Theory  of 
Evolution,   316. 

Another    Kansas    meteorite,    334. 

Antiquity   of   the   races  of  mankind, 

2r>o. 

Archean   and  Algonklan.   changes   in, 

bv   Van  Hlse.  385. 
Archean  of  the  Alps,   189. 

B 

Barris,   W.   H.,  64. 

Barris.  W.  H.,  (portrait),  C.  H. 
Preston.     358. 

Basic  rot'ks  of  Northeastern  Mary- 
land,  A.   G.   x^eonard.   135. 

Bather.  E.  A.,  What  Is  an  Echlno- 
derm  V      257. 

Bather,    F.    A..    Echlnoderma.    389. 

Becker,  Geo.  E.,  Report  on  the  Ge- 
ology of  the  I'hllippine  Islands, 
1 26. 

Beede.    J.    W. 

Beede,  J.  W..  The  age  of  the  Kan- 
sas-Oklahoma    Red-beds,     46. 

Brlgham.  A.  V.,  A  Text -book  of 
Geology,    59. 


Calvin,    S.,    Iowa    geological    survey, 

258. 
Cha'mberlln.   T.   C.    266. 
Coal   and   metal   miners   pocket   book 

of  principles,   rules,   formulas,  and 

tabJps.    126. 
Coal  flolds  around  Tse  Chou.  China. 

N.    E.    Drake.    260. 
Contributions    to      Mineralojry      and 

IVtrogranhy.       Sheffield     Scientific 

School.    Penfield  and    IMrsson.   322. 
Cleveland    water    sui)ply    tunnel,    8. 

T.    Pierce,    380. 

CORRKSl'oNDRNCE. 

Billings  and  his  Bibliography.  T\. 
M.    Ami.    132. 

Heavy  rains  and  posRible  volcanic 
a<*tlon  In  Nicaragua,  J.  Craw- 
ford.  328. 

Recent  decline  In  lake  Nicaragua. 
B.   dhlmek,   396. 

Recpnt  submergence  of  tho  Asiatic 
continent.   G.    E.   Wright.    131. 


Second    edition    of    the    Geological 

map    of    West    VirglnU,    I.    C. 

White.   382. 
When    was    the    Mississippi    river 

valley    formed?      J*.    J.    Earns- 

worth,   394. 
Crawford,     J.,      Ileavy     rains      and 
possible    volcanic    action    In    Nic- 
aragua,  328. 


Davis,   W.   M..   399. 

Daly,  R.  A.,  134. 

Dawson,    G.    M.,    Geological    Survey 

of  (  anada,   321. 
Dawson,      George      Mercer,      (sketch 

with  portrait,  by  B.  J.  H.),  67. 
Deecke,         Dr.       w.,       Geologischen 

Fiihrer  durch  Companlen,    125. 
Department    of   Geology    In    the    Na- 
tional   Museum,    107. 
Difficulties  in  deep  coal  mining,  334. 
Dodge.  R.  K.,  New  York  Academy  of 

Sciences.   329. 
Drarons    of    the   air,    H.    G.    Seeley, 

323 
Drake.  N.  E..  Coal  fields  around  Ts6 

(  hou.   China,   260. 
Dresser.    J.   A.,    On   the  petrography 

of    ShefTord    mountain,    203. 


Earliest   traces   of   man,   265. 
Echlnoderma.  F.  A.  Bather.  389. 
Kditob;al   Comment. 

Announcement  of  the  Theory  of 
Evolution.    816. 

Edward   Waller  Claypole,   247. 

Fundamental  changes  in  the  Ar- 
cnean  and  Algonklan  as  under- 
stood by  Prof.  Van  Hlse  of  the 
T'nlted  States  Geological  Sur- 
vey,  385. 

Guide  to  the  Geology  of  Niagara 
falls,  56. 

Laboratory  and  lecture  methods 
In  geology  at  the  State  I'nlver- 
sity   of   Iowa,   54. 

River    Profiles.    "»6. 

Supposed  recent  submergence  of 
Siberia.     53. 

The  American  Philosophical  So- 
ciety.  317. 

The  antiquity  of  the  races  of 
mankind.    250. 

The  Archean  of  the  Alps,    180. 

The  Department  of  (Jeology  lu 
the   National    Museum.    107 

The    origin    of    Austral  la 'i       iron 
ores.    248. 
Edward    Waller   Claypole    247. 


^' 


Jwi-t^. 


In.  '  ■  :  ♦'    •'.  ■*■    - 

^«  ■:..-.■         1        .       .         V 


.■:  ■-''    It  i.-n.; 


...    :i  :     .:    A 


■•  .    .         4 

-       1  A     k         '■ 

•  te  ^  ■•-■ 

.'  '.  ■  ,1.   - 


.  I,' .    -.r 


..    1     -4  : 


..■-  ■  .1 


I 


•'   :  >>       T.»' 


1         V.  — C 


ImitJC. 


403 


««fr880D.    L..     v..     Contributions      to  ] 
MinrraloiTT        anil        l*rtruiera|>h\ . 
Sheffield    scientific    sctiooi,    322.'     I 

Preglacial   erosion    in   the   course   of 
the   .Niagara   gorge,   and    its    rela 
tion    to   estimates   of    l*ost-i;iaciaI 
time.    Warren    tpham,    235. 

Preliminary    report    on    the    copper-  , 
l>earing   rocks   of   Douglas   county, 
Wisconsin.    323. 

Preliminary     geological      section     In 
Alpena    and    l^resque     Isle     conn-  ' 
ties.      Michl^n.     A.     W.     Grahau. 
177. 

Preston.  C.   H..   Prof.  W.   H.   Rarrls, 
(portrait*.    35S. 


R 

Recent    decline    in 
R.   Shimck.   :?I>«. 
Recently     discovered     extinct     verte- 
fr«»m     ICgypt.    i\    W. 


hrates 
drews. 
Red  way. 
raphy. 


31H). 
J.    1... 
2r.4. 


lake    Nicaragua 


An- 


New   hasis   of  geog- 

Reef"  s'tniciures    in    the  Clinton    and 

N  is  earn    srra'a    of    western     New 

York.   i\  .1.   Sarle.  284. 
Res^^anh    work    at    Harvard    T  niver- 

sity.    4JM1. 
Riea.      llclnrioh.      Theodore       Greely 

Whit  p.    'JiV.K 
Rlvpr    pro  tiles,    .'fi. 
Russell.     I.    i\.    Geology    and    water 

resources     of     Nex     i*erce     county, 

Idaho.   .^19. 


^^arI♦».   i\   .1..    Hoef   structures   in    the 

riinton     and     Niagara     strata     of 

western    New    York.    2S2. 
Schematic    standard    for    the    .\merl- 

can    Carboniferous,    C.    U.     Kcyes. 

30C. 
Seeley.    II.    (J. .    Dragons    of    the    air. 

32.*^. 
Seefy.'    II.     M..    Sketch    of    tho    T.lfe 

and    Wt>rk    of    Augustus    Wing.    1. 
Shattuck.     C.     n..     The     Pleistocene 

problem     of     the     North     Atlantic 

coastal    plain.    S7. 
She<Tord    mountain.    Its    petrography. 

203. 
Snimek.    11..  The  T.oess  of   Iowa  <Mty 

and    vicinity.    .'^44 ;    Recent   decline 

In    lake   Nicara<r"a,   'VMi. 
Spencer.  J.   W..  399. 
Sprlneor.    Frank.    Structure    and    re- 
lations     of      rintacr'tms.      Frank 

Springer.  258. 


Structure  and  relations  of  I'intA- 
crinus,   Frank   Springer.   25S. 

Summer  scientific  meetings  at  Den- 
ver. 265. 

Supported  recent  submergence  of  Si- 
beria. 53. 


Taff.  J.  A.  iand  G.  I.  Adams).  Geol- 
ogy of  the  eastern  i'hoctaw  coal 
field.  318. 

Texas  mineral  survey,  2ti7. 

Text  lHM>k  of  Geology.  A.  i*.  Brigham. 
59. 

Tho.>dore  Gn^ely  White.  11.  Ules,  269. 

TiHltl.  J.  1:..  64. 

Treatise  on  2tH>K»g.v.  F.  Kay  Ijiukcs- 
lor.    389. 

U 

FcN^r  die  Kntwickelung  der  sllurls- 
cheu  sedlmentc  in  ]>ohem  und  in 
sudwesten  Kuropas.  Fritz  i'i*vch. 
391. 

rpliam.  Warren.  iVeglaclal  erosion  In 
the  course  of  the  Niagara  gorgt\ 
and  Its  rcla'l-  11  to  estimates  of 
Po8t-(;iaclal  time.  23.*». 


Van   Illse.  C.   It.,  it?."* :   on  the  .Vrch- 
ean  and  Algonglan.  oS,"». 

W 

WashnschofTe.     Felix.     I  le     riaschon 

der  uberflachen.:;cs  a!t  ng  de.  Nord. 

dcuschen   h  lachlaiuics.    1  .:\. 
Walker,    ihomas  1...  o9i». 
Warren.    i\    ll.,    .Mlnernlo^^lcal    Ni>tes, 

r»9. 
Watson.  Thos.  L.,  The  Gctirgla  baux- 
ite defKtsits.  25:  <'n   iht'  <  »rl<;l'i  of 

the  T>h<*nocry8ts  in   ibe  i);»rpliyrltlc 

granites  of  Georgia.  5S. 
What      is     an      F(hin.»derm':   F.      A. 

rather,  257. 
When  was  the  Mlsslss'p"!  'Iyer  va'.ley 

ft>rmed.   V.  J.    Fa»nswor'h.   3iM, 
White.    I.    C,    Second    i<ll'l<m    of    the 

geological    map   of   West    Virginia, 

3*'8 
Wliffe',  Theo.  G..    134 
Williams.   II.   S..   Paleozoic  faunas  of 

northwestern  Arkansas.  254. 
Wlllmott.    A.    H..    The    .Mlchlpicoten 

"m-onlan    ai'ea.    14. 
WhHhcll.  A.  N..  «;4  :  Note  on  Certain 

cooper  minerals.   244. 
Wrivht.    <;.    F..    Recent    submergence 

of  the  Asiatic  continent.  131. 


-f 


4 


4 

4 


1 

11 


1 


402 


Index. 


K 


Falrchild.  II.   L.,  Uearh  sfmcturc  In 

the   MiHlina  aaiidstono,   IK 
Farrlngton,    o.    (\,    Studies    for    stu- 
dents.   <  meteorites).    59. 
Farusworth,    1*.    J.,    When    was    the 

MlsslKsippl     river    valley     formed'/ 

804. 
Field    Columbian    museum.    333. 
Fossils. 

Aniplexopora   niultispinosa.    ."iTO. 

Deks'oa    nintrr.a,    37;". 

Dekayella    cystata,    37r». 

Krld(>tryT)a     vovayensis.     A7(\ 
Fietrh,    Fritz,  T'ber  die  Fntwlrkelunp 

der    Sllurlscln-n    sedlnionte    In    Hk- 

ln»m    und    In    sudwesten    Kuropas. 

•>ik  1 
iti' 1 . 

Fundnmi'ntnl    clmn^cs    in    th«»    Aroh- 

ean   and   AI;;onklan.   by    Van    llls»\ 

3.s.-i. 


GeoI<»u'ifal    ex<*ursh>n      in      Colorado.   I 

•_'<;(  J. 
(Jeolojrlf'iil    explorations   near    Athens 

(Jeuli.^'Icul     Sot-let  y     of    Washington, 

31»1». 
G<H>|<»jrIral   survt»y   of  Canada,   (i.   M.   I 

Dawson.    3l'1. 
(ieolojrb'nl    survey    of    Missouri.    13  4. 
Geoloplf-nl   survfy   of  'D'xas.   '-M5S.  j 

Geoloirii-al    stirvi'v   of   W«'Ht    Vlrjflnla. 

T.    C.    Wliifr.    ::i'8. 
Geoldpy     i»f     rb«'     <»astern      ChorJaw 

c.al  field.  TaT  and  Adams.  :ns. 
Geolopy  and   water   r*>sonr<*e8  of  Xez   I 

PiM'ee    rotintv.     Idaho.     1.    C.    Rus- 
sell.  310. 
Geolojrv    of    the    South    African    re- 

pnbli<-.    -jn.'.  1 

Grabnn.    .\.    W.,    A    T»rellml!iary    treo- 

loirli-       si«"t|(iii      In      Alpena      and 

Trr»si|ne     I«le     fonntl«\s.     Mifhljran. 

177:    K«M>ont    ivint '"Ibutlons    to    the   | 

problem    of    NiaL'ara.    •"•VO. 
Grant.     V.     S..     Pn-llmlnary     report 

<»!!      the     copper  'learlnsr     nu'ks     of   i 

Dour'las       county.     Wlsrf»nRln.   3:'3.    | 
Grafa'an.      1,.      r..      l'abv>ntoloplcal 

siM'cnlntlons.     (tt).    214. 
GrltTitii.     Wpi..     An     invest  lira  tl(»n     of  i 

the    bnrlrd    vallev     of     Wvomlnir. 

3'J4. 
Gubb»     to     tlie     Gt»ologv    of     Nlaj,'ara    ' 

falls,    .-r,. 

H 

Hanks.  II.  G..  Absonee  of  human 
remains  In  the  auriferous  ui-avels 
<»f    California.    100. 

Havden.  IT.    !•'.,  Ralph   Duiuiy    l.a-oi.. 

Hershf»y,     O.     11.,     The     aire     of     th«^ 

Kansan   drift   shei't.    1*0. 
llitehcock.    c.    n..    New    Zealand    In 

the   Tee  airo.   271. 
Hopkins.    T.    C.,    A    short    dJs<Mmslon 

of     tiie    coal     measures    tln'-olavs. 

47. 

I 

Investigation  of  the  burled  valley 
of   Wvnmlnc.    Wm.    GrltTlth.    3J4. 

lowfl  (icolojThal  survey,  S.  Calvin, 
2n«.  : 


Kemp.  .1.  F..  Nfw  flKbe9tit6  nuVii 
in  northern  Vermont.  3:;i»:  Vija- 
opraphy  of   lake   Gt-orge.  ;131. 

Keyes.  C.  R.,  Nomenelatnre  »(  tt- 
Cambrian  fdrnmtioDs  of  the  St. 
Francois  mountains.  •*! ;  A  ^tbt- 
matl*'  standard  for  the  AnHr'.ta 
Carbarn Iferous,    299. 


Laboratory    and    lecture    mi^ili-KJ?  \u 

c;et>logy  at  the  Mate  l  nl\f'r«»iiy  ^* 

Iowa.  ol. 
La<'ot*    (  Ralpli    iKiimyi,    II.    T.   Ibv- 

«li*n  <pi'>tralti,  ;;:;.'» 
La<M-i)l.\,   A..    Lc  {s'ranii*'  d-*^  I'vr.u--^ 

ct   scs  plurioineues  do  ■.-(•ritait.  l.i. 
Lane.  A.  C..  r,4. 
I.ankesier.  ...  lea  v..  A  Treat  is'.-  ■■!.  zv 

ob.s:y.   3s:». 
LehiL'h    Cnlver-^ity.   3V0. 
Le<»naid.    A.    <;..    The    l«:i«;ii-   i-.i-k-i  ■*'' 

Jiorrlifastern    Maryli:ad.   ari'l   rh-lr 

conia<'i    relations.    13."». 
Loess  ttf   Iowa    I  itv   ;ind    viii'ilty.  B. 

Shiniik,   :J14. 

M 

Micliipiii^icn     llunmian    area.    A.  K 

Willuiott.     14. 
Mnicral.ij,'i<al    .\«iit>s,    C.    li.    Warr'-D. 

.■|p. 
.Missouri    Gcolr»fi:i' al    Sutav-v,    \::i. 
Molen;;raaf.     (Ji'tdosy    cf    "iii,.    >.  -th 

Afrban    repul)Ili-,    i'*:.'.. 

M'^-nthly    Atithors"    Caial-i-ji].'   •-•i  'Jp- 

<  lMt.'b«l     Li  I  era  in  re.    «;n.     ]-Jv,    'jihi. 
•ii*i     .1.11     **fi-i 

_«»I.    .1-4,    .».M. 

Moniana    si  a  re    s«hoiii    nf    uibies    "'4 

Mount     McKlniey.     i:;l 

.Moveni'-nts   in    ilii*    Iloikv    riT'M'i;.:  r-. 

3:t2. 
Muiilidw.    Kotjert.     ^'^\. 

N 

Nichol*;.     11.     W..     \iT!ar»'<     in    ---iv. 

eartli.    .'s. 
Nit  I  at es    in     ra\,.^      .  nrrh.       H.      W 

Mcliols.  .:.s. 
New    lia^is   of   •^•'•»;rTni»hv.    J.   n.   V.-'] 

way.   •_'."»  t. 
Ni'w    /c.nlnnd    In    th<'    I«e    :»■-.•.    C    1: 

Iliicljcoi-k.    L'71. 
New       .1-1:    A'  adeniv    i»f    Si  li-n'-i--:    I 

i:.    Iiud.u'i\   320. 

o 

nn  the  retro:;ra|»hy  «»f  >'r..^..T 
Tnunntain.      .1.     .\.  '  I>i-i's<»  r.    "J":; 

Ori^'ln  of  Ans'raliaii  \'<•^^  .•.-•- 
248. 


ralc',n:««I.)ui<  al      <pi-   '.j1:i  '  i-Miv       .  j- 

L.    1'.    <  ii  :ir.i<  Mti.     L'l  I. 
I'nli^<'/.i|f     fjnm.'K      .if      ii'-i-liv.    ni.-- 

.Vi1m::s.mv;.     II.    s.     Wi'.liMins.    L' J. 
T'e.TsoM.    n.    w  .    •;.-, 
I'enllcld.     S.     1...       «'nnr  ril.'it  i..]:?: 

Mineral<itry         nti«l  Ci-i  •■.:  -r'.' 

Sbelli.'Ifl    seiiMltllir'    Sih'uil      r."  ' 
riillliTs.     W.     It.,     2i^.s. 
rier.e.    S     .f..    Cl.-veland     wa'.T    .-': 

ply    runnel.    3<^o. 


!<liifrik. 

nml    \\   •■      ' 

S:i«  n<*i-r.   .1     U 


■•:.i 


1.. 


t 

■  « 

1 

■i 


Ttit  NK'.V  ^ORK 

KJbLX  LIr.RARY, 


I 


1 


i 


.^■«.l 


VIAY  2  8  Ifl^* 


"N 


